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ABSTRACT 


A number of nucleoside analogues of the cyto- 
kinin n°- (3-methy1-2-buteny1) adenosine and their, comre=— 
sponding biologically analogous n°-benzyl derivatives 
have been prepared. Alkylation of adenosine, 2'- 
deoxyadenosine and 9-8-D-arabinofuranosyladenine by 
3-methyl-2-butenyl bromide or benzyl bromide gave the 
ni-alkylated derivatives which underwent base catalyzed 
rearrangement to the no-substituted compounds. ne- 
Benzyl-3'-deoxyadenosine was also prepared from 3'- 
deoxyadenosine in a similar manner. The extent of 
alkylation by 3-methyl-2-butenyl bromide was found to 
be greatly increased by the addition of nonnucleophilic 
aciaeacceptous. | Stannous chloride catalyzed sugar 
methylation of n°- (3-methyl-2-buteny1l) - and benzyl- 
adenosine gave the corresponding 2'-O- and 3'-O- 
methyl derivatives. n’-substituted formycin derivatives 
were prepared by reaction of 7—chlor0O=3—8-D-Tripoturano= 
sylpyrazolo[4,3-d]pyrimidine with 3-methyl-2-butenyl- 
amine or benzylamine. Sulphur alkylation of 6- 
mercaptopurine riboside and 6-thioguanosine by a= 
methy1-2-butenyl bromide gave the s®°- (3-methy1-2-buteny1) 
derivatives of these compounds. Certain aspects of the 
mass spectral fragmentation patterns and nmr spectra of 
these cytokinin analogues are discussed. 


A route for the stereospecific synthesis of alkyl 
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2-deoxy-$-D-erythro-pentofuranosides has been developed. 
Benzyl and phenyl 2-Q-methanesulphonyl-3,5-di-O- 
benzy1l-1-thio-q-D-arabinofuranosides were prepared 

from D-arabinose via 1,2-O-isopropylidene-g-D-arabino- 
furanose and 3,5-di-O-benzyl-D-arabinofuranosyl chloride. 
In reactions of the benzyl-l-thio compound with methyl, 
ethyl or iso-propyl alcohol in the presence of barium 
carbonate, stereospecific attack of the alcohol .at 

Ca¥ ofsthel sugary, with-concomittant migration: of.the 
benzylthio group to C-2 and displacement of methane- 
Sulphonate, gave the methyl, ethyl and iso-propyl-2-S- 
Denzyie?) 2 -d1-O-penzyi—2-thio-b-D-ribofuranosides in 
good yield. Subsequent desulphurization with accom- 
panying debenzylation occurred using Raney Nickel 

EOmc VeeQicheyieldsson the corresponding 2-deoxy—p—-D— 
erythro-pentofuranoside derivatives. 

Application of this procedure to the synthesis of 
2'-deoxynucleosides was less successful. Condensation 
Orsthe J-benzylthio—2-O-methanesulphonyl sugar with 
6-chloropurine gave moderate conversion to the 9 and 
i=isoners sot o-Cchicro=(2—benzy)l thio—3 ;,5-da—-O-benzy]—2- 
deoxy-D-ribofuranosyl)purine. §-Anomers were the 
predominance products, but both positional isomer £rac = 
tions contained small amounts of the corresponding 
qa-anomers. Amination, desulphurization and debenzyla- 


tion of the 9-isomer gave 2'-deoxyadenosine and a very 
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small amount of 9-(2-deoxy-a-D-erythro-pentofurano- 
Syl)adenine. Amination of the 7-isomer gave the 8 and 
Usanomers Of /—-(2-benzy1thio—3, 5-di-O-benzy1—2-deoxy- 
D=-ribofuranosyl)adenine. Desulphurization and debenzyl- 
atiousol the) b-anomer gave |/~(2-deoxy—-e@~D-erythro— 
pentofuranosyl)adenine which is the 7-isomer of naturally 
occurring 2'-deoxyadenosine. The deoxynucleosides were 
obtained in poor overall yield due largely to the low 

and unpredictable efficiency of the desulphurization 


Teact1oOn Using kaney Nickel. 
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GENERAL INTRODUCTION 


In 1871 Miescher?) isolated a material from the 
nuclei of pus cells which he called nuclein. The fern 
“nucleic acid" was subsequently introduced by Altmann~) 
to describe this material and he and others developed 
general methods for the isolation of nucleic acids from 
a number of sources. 

The nucleic acids are polymeric chains of nucleo- 
tides (composed of a purine or pyrimidine base, a 
furanose sugar component and a phosphoric acid residue) 
linked by phosphodiester bonds. They fall into two 
distinct classes, depending upon the nature of the 
Sugar moiety present: ribonucleic acid (RNA) in which 
the sugar is D-ribose and deoxyribonucleic acid (DNA) 
which contains the sugar moiety 2-deoxy-D-ribose (2- 
deoxy -D-ery thiro>pentose)). The adentities, of athe sugar 
residues in the nucleic acids were determined during 
the years from 1910 to 1930 by Levene and coworkers.2!7'>? 

Five heterocyclic bases are commonly found in the 
nucleic acids and were identified in the late 19th 
century by Kossel, Schulze and Fischer, among.others. 02 
The purines adenine (1) and guanine (2) and the pyrimi- 
dine cytosine (3) are found in both DNA and RNA. MThe 


remaining pyrimidine base normally found in DNA is thymine 
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In 1909 Levene and Jacobs introduced the term 
nucleoside to describe the carbohydrate derivatives of 
purines and pyrimidines isolated from alkaline hydroly- 
sates of yeast nucleic acid. This term is now widely 
used to include all compounds of natural or synthetic 
origin which contain a heterocyclic base linked to the 
C-1 position of a sugar. The commonly occurring nucleo- 
Sides found in RNA are adenosine (6), guanosine (7), 
cytidine (8) and uridine (9), and in DNA are 2'-deoxy- 
adenosine (10), 2'-deoxyguanosine (11), 2'-deoxycytidine 
(12) and thymidine (13). 

In addition to the commonly occurring nucleosides 
named above, many other modified nucleosides have been 


8) 


found in nucleic acids in minor amounts. Modifica- 


tions are generally restricted to the base residue, and 
often consist of simple methylation. As well one type 
Of Sugar modified nucleoside, the 2'-O-methyl derivative 
is known. 

The position of attachment of the sugar to the 


base in naturally occurring nucleosides was first de- 


9,10) 


duced by chemical methods, but it was later shown 


that assignment could be made by simple ultraviolet 


LF len, 183.) 


spectroscopic comparisons. The furanose nature 


of the ribose ring was demonstrated by Levene and Tipson?*) 


: ; : F 57.6 
and was later verified by periodate oxidation studies. ~’ ) 


Todd and coworkers also used periodate oxidation to pro- 


wy : yy 
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vide the farst indication. of.configuration.at the anomeric 


17) 


carbon. The same group later confirmed the assignment 


of the g-configuration when they discovered the formation 
of cis-intramolecularly linked 5'-cyclonucleosides derived 


from cytidine (8) and adenosine ie 


Final structure 
proof, synthesis by an unambiguous route, has also been 
carried out by Todd and coworkers for all of the common 


Eg) 


nucleosides. The foregoing material has been the sub- 


ject of several extensive sacere a NY) 
Nucleic acids then are composed of individual 
nucleosides joined together through their 3'- and 5'- 


en DNA is the 


positions by phosphodiester linkages. 
primary genetic material and it is the order of the bases 
in the DNA molecule that furnishes the genetic informa- 
LOU. 

The living cell contains three main kinds of RNA. 
Messenger RNA (mRNA) is transcribed directly from the 
DNA and has a base sequence complementary to that in the 


epee ee, 


The mRNA thus acts a carrier of the genetic 
information contained in the DNA. Transfer RNA (tRNA) 
serves the purpose of translating the information carried 
by the mRNA into the synthesis of specific proteins in 
Phepcel . Apeciiinoracidsy can be,attached bo lthe. 3.-send 
Of A cRNA molecule _by.an esterylinkage,. ,~Theresare numer 
ous different tRNA molecules, each one being specific 


28) 


EOre dealt cuLaroomi oO faci. One region of the tRNA, 
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known as the anticodon, consists of a sequence of three 
bases which is characteristic for the amino acid carried 


by the tRNA. 7?) 


Because of the specific base pairing 
thateeceecurs between quanosine.(7)~and*cytidine’ (8) and 
also betweenfadénosine (6) *andeuridine (9) °or thymidine 


30.31) 


CS )-7 the triplet of bases in the anticodon of the 


tRNA pairs, in general, only with its complementary 


sequence of three bases on the mRNA oa 


The mRNA is 
thus divided into a sequence of base triplets, termed 
codons, each of which will pair only with a specific 
tRNA. In this way the sequence of bases in the mRNA 
defines the sequence of amino acids in the protein to 
bessyitnesized. | his coding of base triplets for speci- 
fic amino acids is known as the genetic segs CoD 20) 

Ribosomal RNA (rRNA) is the most abundant form 
DEBRNAw In the cellsand is found in particles called ribo— 
somes. The ribosomes move along the mRNA molecule and 
"read" the sequence of codons. As they do so, tRNA 
molecules having the required anticodon migrate to the 
mRNA-ribosome complexes and donate their amino acids to 
the growing polypeptide chain. Thus as a ribosome 
travels from the beginning to the end of a mRNA molecule, 
a complete polypeptide, having the desired amino acid 


37, 38,39) The above description 


sequence, is synthesized. 
of the biological function of the nucleic acids is 


extremely brief and a convenient overview of this subject 
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has been compiled by Davidson. 29) 


Of the types of nucleic acid described, tRNA is 
the richest source of modified nucleosides. Of particular 
interest to this work is the tRNA-derived modified nucleo- 
Side Rete ne ry lee soiteny 1) adenosine, which forms the 
basis for Chapter I of this thesis. Chapter II is con- 
cerned with the development of a route for the stereo- 
specific synthesis of 2-deoxy-furanosides and 2'-deoxy 


nucleosides. 
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CHAPTER? I 


SYNTHESIS OF ANALOGUES OF n°- (3-METHYL-2-BUTENYL) ADENOSINE 


St oe ee a a ee eee ee a oe 


AND OTHER CYTOKININ-RELATED NUCLEOSIDES. 





INTRODUCTION 


Ae 6-N-SUBSTITUTED-6-AMINO-PURINES HAVING CYTOKININ 





ACEEV ELS 

invthe wearily 1950 "s Skoog and coworkers discovered 
that addition of coconut milk or yeast extracts to seg- 
ments of tobacco callus tissue, grown on a synthetic 
medium, promoted new and continued cell division and growth. 
This property of causing increased cell division and 
growth in plants has subsequently been termed cytokinin 
activity and compounds that can produce this activity are 


a) 


called cytokinins. This early work and the subsequent 
isolation, identification and synthesis of a number of 
purine derivatives that have cytokinin activity has been 


and by elie” and will be but 


reviewed by strong. u 
briefly covered here. 

Skoog and coworkers were able to isolate a very 
small amount of material from yeast extracts that had 
high cytokinin activity when assayed on tobacco callus 
tissue. The properties of this material were consistent 


with a purine or purine derivative. These workers then 


turned to DNA, a rich source of purines, as a possible 
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source of cytokinin active compounds. Thus in 1955 


Miller et a1ta! 


reported the isolation of a material 
from the DNA of herring sperm that was a highly active 
cytokinin. They named this material kinetin and sub- 
sequently identified it as 6-(2-furfurylamino) purine 
(14) and showed that synthetic kinetin had similar 
CyLokmningactivityytorthateofththesaisolated material. ??) 
Thetinitralkisolationvofskinetiniwashfromea foursyéar 
Old preparation of DNA and freshly prepared samples of 
DNAgWwere Loundeétogyreldrnolkinetin.OFltiwasidiscovered 


3) 


however * that autoclaved samples of fresh DNA yielded 


relatively) large quantities of kinetin and Hall and 


5) 


deRopp* later showed that kinetin is formed from the 
adenine and 2-deoxy-ribose residues of DNA during the 


autoclaving process. 
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The isolation and structure determination of kinetin 
was quickly followed by reports of a number of syntheses 
of Kinébin ‘and ofi*various! kinetin analogues 1°64 1A8) 
Of the many analogues of kinetin subsequently synthesized, 
generally only those that were 6-N-substituted-6-amino- 


purines showed significant cytokinin activity?+/4?) 


and 
only a small number of these had an activity comparable 
to that of kinetin. Of particular interest was 6-N- 
benzylaminopurine (15) which has a cytokinin activity as 
great tason even 'Greater*than’ thatvot kinetin. 7”? 
Although none of the synthetic cytokinins resembling 
kinetin (or kinetingitselt) had been found to occur 
Naturally the Occurnence of cytokininjactivity in various 


plant extracts led both Strong 1) and Milder 4) 


LO specu- 
late on the natural occurrence of kinetin like compounds 
aeeced tedivyisionutactors. sAssubSsequent study of the 
alkaloid triacanthine led to the discovery of a highly 
jeCLive megaturally foccurring cytokinin. 


210) 


belikovsetya ly first reported the isolation of 


triacanthine from the young leaves of Gleditsia 
triacanthos in 1954. In 1960 Leonard and peyrup =? 
erroneously reported the structure of triacanthine as 
joa(s2e CBhy bea? -bucenyl) adenings ((h6)i, ue This tstruciuure 
assignment was later corrected to 3-(3-methyl-2-butenyl) - 
adenine (17) and this assignment was supported by 


D2) 


Denayer et Jal who reported unambiguous synthesis of 
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both 16 and 17. In 1962 Cavé et al>*) noted that the 
eoneentration-of triacanthine,in.the; leaves’ of 

G. triacanthos was highest when the leaves were very 
young and decreased rapidly as the leaves Bea a, 

They found that triacanthine showed a very weak, but 
defhinites, cytokiminesacbivity.and speculatedwthat _tria- 
canthine might play a similar role to kinetin in meee 
and might be involved in the mechanism of regulation 
ofacel)l division. ~They also tested the noe ie omand 


9-(3-methyl-2-butenyl) adenine isomers of triacanthine 
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“for cytokinin activity and found that, whereas the 7, 

8 and 9-isomers were completely inactive, w®°- (3-methyl- 
2-butenyl) adenine (18) ehadtantactivity*which was equal 
to or greater than that of kinetin. Beauchesne and 


Goutaretme? 


also found 18 to be a highly active cyto- 
kinin and in addition discovered that both n° ,n°-bis- 
(3-methy1-2-butenyl) adenine and N°, 3-bis-(3-methyl-2- 
butenyl) adenine had activities that were only Silignely 
reduced from that of 18. 


Pntecontrastwtorthefiworkio£ Cavé et Bayes 


5) 


Rogozinska et al? foundethatwbhoth=naturaily occurring 
and synthetic triacanthine were completely inactive 
when tested for cytokinin activity. However they found 
that when a sample of triacanthine was autoclaved prior 
tomtesting, ‘significant cytokinin ‘activity resulted. 

As autoclaving is a common procedure for the steriliza- 
tion of samples prior to testing, they suggested that 
this was the reason for the cytokinin activity of 
triacanthine noted by Cavé et al. When an autoclaved 
sample of triacanthine was subjected to paper chroma- 
tography, walthough only’ one spot for triacanthine was 
observable on the chromatogram, elution of an area of 
the chromatogram adjacent to the triacanthine spot 
yielded an eluatewthat had a highwcytokininmactivity. 
Rogozinska et al suggested that this activity may re- 


Sult from rearrangement of triacanthine (17) to 18, 
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which they also found to be a highly active cytokinin, 
and they speculated upon the natural occurrence of 18 
and suggested that triacanthine may act as a source 
OfalSwan plants: 

The isolation of a naturally occurring cyto- 
kinin from liquid cultures of Corynebacterium fascians 


6) 


anaethis was 
Bl) 


was reported in 1966 by Klambt et al° 
identified as 18 by Helgeson and Leonard. 
Thegsyntkhesissoreitetrom 2e-ceoxyadenosines (10) 


was reported by Leonard and pudiiene iw I6 ds oe An 


intermediate in the synthesis was 1-(3-methyl-2-butenyl) - 


adenine (19). Also prepared were the analogous benzyl 
derivatives 1 and n°-penzyladenine (20eand 15) saeHamzi 
and Skoog??? tested the cytokinin activities of these 


eompounds b57915; 197420) andtfoundfthatathe Nie 
gaomeraa(  sfandgle)mboth had activities approximately 
10 times greater than kinetin. However the l-isomers 
eomcnce: 0) alsomshowedprelatively high tactivities. 
This was thought to be due to possible conversion of 
the 1 to the active n°-isomers in the test system used 
and this was later shown to be the Seon ee 
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61) 


In 1963 Letham isolated a highly active cyto- 


kinin, as a cryStalline picrate, from the immature 
seeds of a sweet corn variety of Zea mays. This mate- 
rial was named zeatin and it was thought to be similar 


to cytokinins previously isolated from young maize 


62) 63) 


kernals and fvom pilim Lruiclets, The physical 


properties of zeatin again indicated that it was 


probably a “6-N-Subseituted—o~aminopurine derivative. 


Fes Ss cructune, was “eluctdatved by Letham-et a as 


being one geometric isomer of no- (4-hydroxy-3-methyl- 
2-butenyl) adenine, which is closely structurally “re- 


Pabeamco lo. The trate -wsomer (2i)" was synthesized 


65) 


by Shaw et al and found to be identical to naturally 


occurring zeatin. Zeatin has been shown to have a 
Cylon miermact iy.’ ty astm armeco tital Or 1c ana Greater 
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Be THE OCCURRENCE OF CYTOKININS IN TRANSFER RIBO- 
NUCLEIC: ACIDS. 


In 1966 Zachau et a1°°) 


reported the elucidation 
of the complete nucleotide sequences of two serine- 
specific tRNA's obtained from brewers yeast. The 
enzymatic hydrolysis of the tRNA's yielded, in each 
case, an unknown nucleoside which was situated adjacent 
EO hem. —enduor the anticodon, in the intact tRNA'S. 

7) 


Biemann et el identified the structure of this nucleo- 
Side as N°- (3-methy1-2-buteny1) -9-8-D-ribofuranosyladenine 
(22) (iPA), the free base of which is identical to the 
highly active cytokinin 18 described above. Simultan- 


eously, Hall and coworkers®®:®©9) 


reported the isolation 

and identification of iPA from enzymatic hydrolysates 

of unfractionated yeast tRNA. Synthetic iPA was shown 

to be identical to the isolated material and it was 
neatedethatelDA, hadsassigniticant cytokinin .acitiviity. 
Although the cytokinin activity Of iPA (22) is.appreciably 
meauced Crom that of thegfifee base.(18) ,it.issstill highly 


aACLLVe wand eapproaches, the ackivity of .kinetin: in various 


ATG) 


systems. The amount of iPA isolated by Hall and 


2) 


coworkers® was equivalent to 0.065 mole %- of the total 
nucleoside residues in the crude tRNA and this correlates 
to only one tRNA molecule in about 20 containing an iPA 


residue... These workers were also able to detect similar 


amounts of iPA in crude tRNA preparations from calf 
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“liver, human liver and chick embryos. They were how- 
ever unable to detect any iPA in human liver or chick 


embryo rRNA. 
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Following the initial discovery of the presence 


of i1PA in some tRNA molecules, complete nucleotide 


sequence analysis of yeast tRNALY? 70) 


Sere Jala) 


and of a single 


Species of rat liver tRNA again revealed the 


presence of iPA molecules located adjacent to the 3'- 
end of the anticodon in each tRNA. IPA has also been 


detected in unfractionated tRNA's isolated from various 


he ales tral eee) eral Oa) 


plant and bacterial sources as well 


as in certain specific tRNA's isolated from Escherichia 


Jal) 78) 


COUL and yeast. 


Certain nucleosides which are closely related 
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‘to iPA have also been found in tRNA molecules. In 
I967eHa Bivee t ale reported the isolation of a cyto- 
kinin from the crude tRNA of spinach, sweet corn 
kernels and garden peas which he tentatively identi- 
fied as N°~(cis-4-hydroxy-3-methy1-2-buteny1) -9-g-D- 
ribofuranosyladenine (23). This structure assignment 


72) whe 


oy ED) 


was later verified by Playtis and Leonard. 


presence of 22 in unfractionated wheat germ tRNA 


74) 


as well as in E. coli, pea root and yeast tRNA's has 


also been reported. The free base of 22 is the geo- 
metric isomer of the widely occurring cytokinin zeatin 


(21), however the presence of the riboside of zeatin 


(24) in tRNA has been reported only once. 8°) 


81) 


In 1968-Burrows et al reported the isolation 


OLealcytcokinin,ehavingsalsimilaneactivityitouthatiot 


ray Oe EROne tiencGudesekNAgoh Eeecolmieritewas Simul- 


taneously eLound win Eaicoli tRNalYt 82) 


as 2-methylthio-N°- (3-methy1l-2-buteny1) -9-8-D-ribo- 


pts) 


furanosyladenine (25). This cytokinin has sub- 


sequently been found in tRNA preparations from a number 


PE UST) Sip 1h Se ee et oy cytokinin, that 


O@ESOULCES . 
incorporates both of the modifications of iPA described 
above, has been isolated from unfractionated wheat germ 
tRNA and identified as 2-methylthio-N°~-(4-hydroxy-3- 


73) 


me thy t>2Sbuteny 1) -9-s-D=ribofuranosyVadenines This 


compound has also been found in tRNA hydrolysates from 


and was identified 
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‘the bacterium Pseudomonas aeruginosa and has been tenta- 


tively assigned the cis configuration (26)e95) 
H50H 
AN3 "2 
: CH; HIN age 
- a H 
| = i] bin 
CH3s CH3S 
HO HO 
H OH OH H 
2) 26 


insstudies an whichsthe position of the cyto-— 
Kittin in the CRNA molecule has been aurea ee ot 
only one cytokinin per tRNA molecule has been identified 


and it has been located adjacent to the 3'-end of the 


anticodon (see also reviews by Peano!) and by Skoog 
and Armstrong®®)) . Furthermore, it has been 
ee) that these cytokinins occur only in 


those tRNA's which respond to codons beginning with U. 
The potential function of iPA and its analogues 


in tRNA's has been investigated by a number of workers. 


0) 


Fittler and Zee selectively quaternized the iPA 


Ser 


residue in yeast tRNA by treatment with iodine and 


oy 
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‘they found that the ability of the treated tRNA to 
bind to the mRNA-ribosome complex was significantly 


91) 


reduced. Gefter and Russell isolated three forms 


of suppressor tRNATYS 


Whach diftered only in the 
degree to which the adenosine residue adjacent to 

the 3'-end of the anticodon was modified. They also 
found that the ability of these tRNA's to bind to the 
mRNA-ribosome complex depended on the degree of modi- 
fication and concluded that the presence of cytokinins 
adjacent to the 3'-end of the anticodon in some tRNA's 
responding to codons beginning with U is necessary 
foresthe most ecrticivent protein synthesis... However, 


O22) 


experiments by Litwack and Peterkofsky didsnot 


Support this “conclusion. 
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Ce fue BLOLOGICAL ACTIVITY OF CYTOKININS 
i CyEDKinin Activity 


The cytokinin activity of a number of 6-N- 
substituted-6-aminopurines and related compounds has 


been described above and extensive reviews are avail- 


Apa 2 87,88) 


able (and references cited therein). The 


synthesis and activity of cytokinin related compounds 


O37 04 go 720797) 


containing varied 6-N-substituents and 


96,98,99) (see also reviews cited 


modified purine bases 
above) has received a great deal of attention and 
studies of the relationship between the structure and 
eBcCbivity Of cytokinins have appeared. 72/100) 
As has been mentioned, the naturally occurring 
cytokinins existing as the free bases (is Pa alelel eV 


the a= pele ELOOLUranOsiaes 22 cD 7a 2 Oe DOL show 


a noted, however, that 


POeene activity. skoog et al 
the ribosides generally had lower activity than the 
corresponding free bases and this observation was 


Supported in an extensive study by Schmitz et elas 


ipl lABHiecnt ee ea 22) 


reported a number of pyrazolo- 
[4,3-d]pyrimidine derivatives, including 7-(3-methyl- 
2-butenylamino) -3-8-D-ribofuranosylpyrazalo[4,3-d]- 
pyrimidine (27), which are related to the cytokinins 


18 and iPA (22). Compound 27, however, has a C-C 


glycosidic linkage which, in contrast to iPA, should 


19 
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be stable to usual metabolic Cleavage. Their results 
indicate that the presence of the ribose residue in a 
cytokinin is not required for it to show a higheactivity. 
A further interesting result of this work was the dis- 
covery that one of the compounds synthesized, 3-methyl- 
7- (3-methylbutylamino) pyrazalo[4,3-d]pyrimidine (28), 


Was a potent cytokinin antagonist. 193104) 


tae Mammalian Inhibitory Activity 
ee ee ee ee ee eC GL VL 


a reported, that iPaA 


In 1967 Grace and coworkers 
(22) is a potent growth inhibitor of a line of cells 
derived from human myelogenous leukemia and induced 
clinical remission in a case of acute leukemia during 


106) 


clinicaletrials,. IPA also showed potent inhibitory 


efects against Sarcoma-180 cells, but showed no Ssaig- 
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nificant inhibition of other human tumor cells. IPA has 
Since been reported to have inhibitory effects against 


various types of mammalian cell wi teerk 9 bal 09,109) 


The 
inhibitory activity of iPA in mammalian systems is in 
marked contrast to its cytokinin activity in plant sys- 
tems, although stimulation of cell growth has been 

noted when iPA and some of its analogues were administered 
to a human leukemia cell line in extremely low concen- 


geaeton. 7) 


Fleysher and coworkers?°1?/1110) 


have reported 
the synthesis and growth inhibitory activity of a number 
of analogues of iPA having varying n°-substituents and 


modified bases. we-penzyladenosine (29 !thad *activ ety 


Simularrtotthat of iPA in a numberof systems. °°) 
Fleysher’ ’) also found, as originally noted by Grace 
105) 


elLual, that the presence of the sugar moiety was 
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necessary for significant mammalian inhibitory activity. 
The mechanism of action of iPA is unknown at 

present. Some evidence indicates that iPA acts as an 

inhibitor of both DNA and RNA biosynthesis!°8) ands. t 


may interfer in pyrimidine metabolism.--— 


ie) 


Rustum and 


Mihich however noted both inhibition and stimulation 


of DNA, RNA and protein biosynthesis in differing types 
of mammalian tissue. The metabolism of iPA in mammalian 


Ssyotemaunas Deen studied and 1t appears that APA is 


113,114) 


active in the cell as its 5'-nucleotide. How- 


ever the major degradative pathway of iPA is the 


rapid and irreversible cleavage of the sugar moiety to 


produce the inactive base yee 


This degrada- 


tion appears to be the major mechanism of resistance 


Cracellsetomnhibition by. a ee 
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RESULTS AND DISCUSSION 


The work described in this section deals with 
the synthesis of a number of analogues of iPA. These 
were prepared for cytokinin, mammalian inhibition 
and other collaborative biochemical studies. Previous 
Studies primarily concentrated on changes in the side 
chain or the base. In view of the necessity of the 
ribose residue for mammalian inhibitory activity and 
atsovof i thetrapidtinactivatrione®cbraPA by enzymatic 
Cleavage of the ribose residue (see Introduction), this 
work concentrated mainly on iPA analogues which are 
modified in the sugar residue. Preparation of the 
formycin analogue of iPA (42), which has a carbon- 
carbon glycosyl linkage that is presumably stable to 
usual metabolic cleavage, was of interest for the same 
reasons. Also undertaken was the synthesis of a similar 
series of the biologically analogous but more chemically 
Stable benzyl analogues of iPA. Finally iPA analogues 
derived from iRrickbapesuirake riboside and 6-thio- 
guanosine where chosen in view of the marked activity 


of 6-mercaptopurine and its derivatives.+?°) 
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A. SYNTHESIS OF ANALOGUES OF IPA 
re I ee EN 


n°-(3-Methy1-2-butenyl) adenosine (iPA) (22) was 
first synthesized by Leonard and coworkers°?/116) by 
N--alkylation of adenosine with 3-methyl-2-butenyl bro- 
mide followed by Dimroth rearrangement !?”) in base to the 


116) 


n°-isomer (see Scheme I). Overall yields of 38% and 


42.5309) 


have been reported for this reaction sequence. 
However, we were unable to obtain yields greater than 
20-30% following the same procedure. We therefore in- 
vestigated means to improve this method of synthesis. 
In accordance with the observations of Leonard 
Che mliges and of Martin and Reese, 118) we also observed 
that the alkylation step proceeded to about 50-603 and 
then ceased. Shimizu and Miyakitt4) have reported the 
HBr catalyzed migration of 3-methyl-2-butenyl and 
benzyl groups, presumably by reversal of the alkylation 
reaction by bromide ion followed by realkylation. In 
order to circumvent the possibility of such reversal 
reactions during the alkylation process, molecular 
Sieves were added to the reaction mixture as a presumed 
absorbent of hydrogen bromide. This rationalization was 
later shown to be incorrect, however the alkylation was 
observed to proceed to 80-903 using this modification 


and crystalline yields of iPaA approaching 58% were 


obtained. This method was therefore used for the alkyla- 
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SCHEME I 
Ho Br Ho RNH 
ra 
ow Deva me. eee ILS 
r 
HO HO HO 
Ry Rp Ry Ro Ry Ro 
6 Ry = R= OH, 32H 22 R=iP R, = Ro=OH, R3=H 
30 Ry =R3=0H, Ro=H ws) R= Bn, Ry =R5=OH, R3=H 
10 R,=OH, Ro= Ra=H 32 R=iP Ry = R3=0H, Ro=H 
3t R5=OH, Ry=R9=H R=Bn, Ry =R3=0H, Ro=H 


iP = (CH,),C=CH—CH)— 


R=Bn, Ry=0H, Ry= Ry=H 


33 
34 R=iP Ry=0H, Ry=R3=H 
fey 

36 R=Bn, R,=OH, R,=R3=H 


_—— 


tion of 2'-deoxyadenosine (10) and 9-8-D-arabinofuranosyl- 
adenosine (3 OU) wow toh 3-methyl-2-butenyl bromide, as des- 
cribed below. 

It was later discovered that the addition of one 
equivalent of LiBr to the alkylation reaction caused no 
observable change in the degree of alkylation. Also a 


Sample of the n+ -alkylated product, which was isolated 
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by preparative thin layer chromatography (tlc), gave no 
observable reversal to adenosine when treated with 2 
equivalents of HBr in DMF. It was also noted that the 
reaction became appreciably acidic, even in the presence 
of molecular sieves. When BaCO, was added to the re- 
action mixture, no acidity was observed and the alkyla- 
tion appeared essentially quantitative. Using this 
procedure yields of iPA approaching 74% have been obtained. 

It appears therefore that HBr, produced during 
the reaction, inhibits the alkylation process. If 
sufficient HBr is generated to protonate about 50% of 
the adenosine molecules by the time that alkylation has 
occurred to 50%, the resulting adenosine n -hydrobromide 
would be inaccessible to alkylation. Addition of 
BaCcO, as an efficient nonnucleophilic acid acceptor 
therefore prevents formation of the hydrobromide salt 
and allows the reaction to proceed to completion. Use 
of molecular sieves as acid acceptor was less efficient 
and resulted in only moderately increased alkylation 
yields. 

It was also later discovered that samples of iPA 
synthesized by the alkylation-rearrangement procedure 
invariably contained a small amount of material (which 
was not completely removed by recrystallization) which 
migrated faster than iPA in chromatographic systems and 


had a molecular weight = 403 (mass spectroscopy). This 
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corresponds to an iPA molecule with a hydrogen atom sub- 
stituted by a second 3-methyl-2-butenyl group (335 - 1 + 
69). A small amount of this material was isolated by 
column chromatography along with a trace amount of a 
second impurity that had mol. wt. = 471 (iPA substituted 
by two 3-methyl-2-butenyl groups). The ultraviolet 
Spectra of these two impurities were identical to that 

of iPA. The nmr spectrum of the mol. wt. = 403 material 
was not readily interpretable, but showed a complex 
pattern of resonances in the 61.0 to 2.0 range. Hydro- 
genation of this material over Raney Nickel yielded a 
compound that had mol. wt. = 407, indicating the presence 
Ofetwo) olefinic -bonds....No,other -structural, information 
on this material was obtained. However, if 3-methyl- 
2-butenyl bromide molecules are assumed to condense 
during the alkylation procedure, for example as outlined 
insocheme LL, this would account for .production+of£ HBxr 
during the reaction. Alkylation of adenosine by the 
resulting condensed alkenyl bromide products would give 
rise to the high molecular weight impurities observed. 
ihe cCapbien reports .on, the,-preparation of ja art} 5) 
both used refluxing aqueous base to effect the Dimroth 


nrearrangement,.of the vee to the we-alkylated product 


okey) later reported a much milder 


(22). Martin and Reese 
Cechnigue pinvolving .tseatment rof athe ni-alkylated product 


with 50% Me .NH-MeOH at room temperature. This method 


27 



















ea. . 
mat 


he ea 


_ — 
soyhyt. s ibe alucs tom: Wie 16 Of Bhatee 


| | i” a i he 
» { = 2S). auoxze [ydssod~-S=Lyiiemet fa ace = ae 


hy 
cf 5 i¢ : BIISTHhii atad to 200 
25 dnuode Ssasid. 6 42 EW prods cignitgoeramert 
5 as sg wis . in , 
: : 
Eyes pap 3 ) (Th = ,jw .lom Den 2s re prenicen 
i= wd ~ a : : : 
rSLOr rThU (ecg » Lyneouc. ~ryttyenr 
‘ * “a 
: . 3 I tO Ff its OWI ee riht tes 
f a ie i . a Jas ste 
idetezaded ak Yithert don 
Fi - ar 
’ vie 
of 0. £8 emg mk 2 ausen: pot! 20 eae 
| Grane aN: ; 
TSVO q ef +: Ba van Viele sel sini sina J 
c {f= ,a ; Loar pe! fe a, samo 70 
fSantO .OH abaed: pint ele o #49 
. F 7 
ay Ov : rin Jao esiw. baht som ait an 
he sit 34 tS Pig JS aft ob Fy a? B70} Dens 2 ath 
f , ord nn not hy lit ott 
¢ wuts ny 
; t ¥. Oo (wIooD pap i oF Bark vee 


dettiaudm: Jip iow” ibiiee a aia 

MOLL CO. 4: +6 a6ttaxegesa ont mg atregey, ice pe 

ty in 7 an fee he 

nh dlovwmtid oft teezie G3 Bake! sapere’ | Oak yitew be 
a 


peri 









wou DS 1, het + & .S 


sidan 2 i ag 
is ’ at 


SCHEME II 
Br—CH)—-CH= ai Br saath ier "3 
Chie CHg CHR. Pas 
DOSCH-CH-Br 2, Oty Ens 
CH CH ss 
CH>—Br 


ABR 
CH H—CH=C 
3 a ‘CH 


Etc. <——_—_ = 


Ch OH Br sr teats 


proved to be very effective and resulted in complete 
rearrangement in from 1 to 4 hours for a number of the 
compounds studied. 

A further note on iPA per se concerns its 
optical rotation. Various Samples prepared by the pro- 


60,116) Martin and Reese! 18) 


cedure of Leonard Stead, 
and our modification gave [a], values near -70° and 
[a] eng neare-85°%oinsaethanol. {Theses values are Si5- 
nificantly different from the reported values of [a<® 
S Leand isl epe -97° (c 0.07, EtoH) .°?? 


A carefully purified sample of iPA which had correct 


weOeard(ced.42,~ Eton) 


elemental analyses and no higher molecular weight im- 


23 
D 


-70.0° (c 0.07, abs. EtOH), iodoye 285214080014) Labee 


purities had [3166 SvieS°akced .i4peabsechtOH)ar (a) 
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EtOH) and [a] 
values are consistent with those obtained in 95% EtOH 
and also with values obtained on a "drug" sample of 
1PA (kindly provided by Dr. G.B. Chleda, Roswell Park 
Memorial Institute, Buffalo, N.Y.) within +1.5°. 
Synthesis of N°- (3-methy1-2-buteny1) -9-g-D-ara- 
binofuranosyladenine (32) from 30 was analogous to the 
preparation of iPA. Using molecular sieves as the 
acid acceptor, compound 32 was obtained in 54% crystal- 
line yield. Removal of the high molecular weight 
impurity was achieved by recrystallization from MeOH- 
iPrOH. After this work was completed, a patent appeared 
describing 32 prepared by a base sugar coupling pro- 


20) The preparation of NO=tS-methy l-oenarenea)— 


cedure. 
2'-deoxyadenosine (34) was also carried out similarly, 
from 10, but greater care was necessary in order to 


avoid cleavage of the relatively acid labile glycosidic 
118) LA 


previously obtained only the alkylated adenine aglycone 


bond. Martin and Reese 


and Brookes ee al have 


salts when 2'-deoxyadenosine (10) was treated with 3- 


methyl-2-butenyl bromide and benzyl bromide respectively. 


§5) 


heonardeevoal have reported the synthesis of 34, which 


WasPCharaccéerrzed as! a- hygroscopic solia*hyurate with 


mp 48-49°C and [a]*° =U Ome pe CO) al etnies ease 


crystalline 34, obtained after a protracted purification 


procedure, had mp 106-109°C and [al<° oe ee oe MeOH). 
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Sivadjian et annegl 


have reported the enzymatic transfer 

oF 2-deoxy-D-erythro-pentose (2-deoxyribose) to n°- 

(3-methyl-2-butenyl) adenine (18) and 6-benzylaminopurine 

(15) to presumably give the 2'-deoxy-nucleosides (34 

and 35), but no characterization of products was given. 
The preparation of the n°-benzyl analogues (29, 

33, 35 and 36) was essentially analogous to that of 


iPA (see Scheme I), involving the usual Nt-alkylation 


followed by rearrangement. In this case, however, the 


alkylation proceeds readily to ~90% in the absence of any 


acid acceptor. The benzylations of adenosine (6) and 
9-8-D-arabinofuranosyladenine (30) were effected ina 
manner similar to that described by Fleysher et aly 3 
for the benzylation of 6. Use of the milder Me.NH-MeOH 
rearrangement procedure gave n°-benzyladenosine (29;) 
and i? Hen api 9” gap aaraiyind Sumangs yRideniiné (33)F -imi6 12 
and 69% crystalline yields, respectively. The benzyla- 
tion of 10 proceeded Similarly to yield crystalline 
Ne-benzpl=2!~ddoxyahendsine (85) SErce column chromato- 
graphic purification. 3'-Deoxyadenosine (Cordycepin) 
(31) was prepared according to the method developed by 


ieee in this laboratory. Benzylation of 


Robins et al 
31 proceeded smoothly to yield, after rearrangement, i 
benzyl-3'-deoxyadenosine (3'6)% 

The 2'-O- and 3'-O-methyl derivatives of 22 and 


29 were interesting in view of the reported inertness 


30 
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of certain 2'-O-methyl nucleosides to the action of 


hydrolase and phosphorylase enzymes, 124) 


enzyme systems 
that catalyze cleavage of the glycosyl bond. Also, 
3'-O-methyluridine is apparently inert to the action 
of uridine phosphorylase. 29) 
Initially synthesis of these derivatives from 
2"'-O- and 3'-O-methyladenosine was attempted, following 
the usual alkylation-rearrangement procedure. However, 
although the reactions appeared to proceed normally, 
purification was difficult and crystalline products were 
not obtained. A more convenient procedure was the 
direct methylation of 22 and 29 using the conditions 


described by Robins and Naik.+26127) 


Dnuse2 2eande 27. 
were quantitatively monomethylated by diazomethane in 
the presence of stannous chloride to yield mixtures of 
the 2'-O- and 3'-O-methyl isomers (37 and 38, 39 and 40, 
respectively) (see Scheme III). The 2'-O- and Shore Os 
methyl isomers were obtained in ratios of about 40:60, 


126) 


as was observed with adenosine. TheysislLsomer 38, 


readily crystallized from the mixture of 37 and 38 and 


the remaining material was separated by column chroma- 


128) 


tography on Dowex 1-X2(OH ) resin. The 2'-isomer, 


37, did not crystallize. It was obtained in an analyt- 
ically pure state after a further purification procedure 
followed by freeze drying. The mixture of 39 and 40 


123) 


was separated directly by column chromatography and 


“~ 

























oy 
~ 7 


tc gottoe es OF setinaoa amr F 
amateye aanysAs ue spy e28d 
eet badd tyeeu'le eis 26 fae ORY 


“elf i : : se 


foliose eas 2 sted tiaHes gas wf st 8 San (TE ; 
(28% geal ysangendg: etait ] 7 
tort ESvigrycieh’ 22 arte 3H stpedsn' ‘2 “ltelsiast : 
miwal hesqaets& SRW Sr ts ly belet Jet dae vi gett sal -o-"s 
tereuwoR STtHEA9O SG "49 arent oikeh eke agli pawn oft 
msl Hbesge7G of meeps 8 aiois sede oak tootsie 
raw esouboid sali iesaygio nts tit) babe ba posdscilhianet 
4ew Axo nSncag ‘Sond rs (he ati ne * hea vor 


ap cntay #2 Bae sya copie vate T5eRRE 
af Bas i7 Ahoy Cole or gk Eirias shld wet paviaseed a, “4 
1 


eaeni gisele vad basen. Vas SROTTOME. (oan os 7a nina: wae 7 } 
wii Daryl or shixats iS ebornbae | a2) sonereng ott 7 
de Bak CG \BEsbee NE? 235 aah Ayan BH te Oe + es ae - 

eO-'f) Bum *D+'S eat rts! ‘pnestoyt aoe) ecfatoogags § 
Dads duoda, O° 202745 ae bentedae, stat, aspnait Delta 
BE Jenarne te 'e ‘sa es snbagssbn se raat ane 
bre gf hype Ne to Sau 5 ih, hee toed Naaenare ieee 


Agmbsa te esl G2, ra Rov ecnynay sy ‘als ee } - 
. ae 


wi CO Aen 
one i: 1 ng si! path aay, { 109 ae fk ay —- 





Race 





ae of) 


= 


SCHEME If 
RNH RNH RNH 
Fo ee a 
ow TI 
ee 
Sncl2 
H O ep, H O 
OH OH OH OCH OCH3 OH 
eee. 37 R=iP 38 R=IP 
29 R=Bn 39 R=Bn 40 R=Bn 
iP = (CH3),C=CH—CHy— 
Bn = CgHgCH>— 
the 3'-isomer (40) crystallized readily. Again the 
2 -1s0mer did not crystallize directly and was con- 
Vertead -OvtteS crystalline hydrochloridevsalt. 
Hechiiset plead BeEPOL Cece Neesyiuiesis so Le 7—-N— 


(3-methyil—2-buceny 1] jamino-s-6=D-riboruranosylpyrazolo— 
[4,3-d]pyrimidine [In ’-(3-methy1-2-buteny1) formycin] 
(42) by alkylation of formycin followed by rearrange- 
ment to the n/-isomer (an analogous reaction sequence 
to*thateused for the ‘preparation ocf"iPA, Scheme™'I)% 
These authors reported that 42 was obtained in "low 


Vield"@and@record* mp 120-T22°Cs-*4In@previots studzées 
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of this reaction we had found that at least five products 
(spots visible under uv light on tlc) are present in the : 
alkylation solution in the presence or absence of 
moleculanisitevesiivittisnone ofstheaminor intensity 

Spots which disappears upon rearrangements in base and 


a minor spot corresponding to 42 appears. 





SCHEME IV 

xX RNH H 
von Ny 

» RNH> a 

HO H 
H H Hp On 
4) X=Cl Aa R =(Chg)9 C=CH—CH5— 
44 X =SCH3 43 R= CoHeCHy— 


Compound 42 was readily prepared, in 64% yield, 
DY etLeatment sol /—-chloro0—3-p-D-1riboruranosylpyrazolo— 


[4,3-d]pyrimidine (41)1??9) 


with 3-methyl-2-butenylamine 
(Scheme IV) and had mp 193.5-195°. Analogous reaction 
uSing benzylamine gave n/-benzylformycin (43) in 702 


yaeldaetterapurificationrbyopreparativestics «i This 


material was obtained in crystalline form as its hydro- 


= | : ; . 
Et . | a 7° | 
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ehloridessalt.ecBarliernrattemptssto,utilize the 7- 
methylthio derivative of formycin (44) in this process 
proved far less successful. 

Sulphur alkylation of 6-mercaptopurine riboside 
(45) and 6-thioguanosine (46) proceeded rapidly to com- 
pletion in dry dimethylformamide in the presence of 


130) 


anhydrous potassium carbonate to give the corres- 


ponding 3-methyl-2-butenyl thionucleosides 47 and 48, 





SCHEME V 
| [rg 
orice 
thy 
HN (CH3)C=CHCH,Br \ 
R ~ K7CO2 R 
H H 
H OH H OH 
45 R=H 47 R=H 
46 R=NHy 48. R=NHp 
respectively (Scheme V). Attempts to crystallize these 


products resulted in gel formation and both were obtained 


as analytically pure amorphous solids by precipitation 


1ntOmene LySolve “8. 
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De: MASS SPECTRAL AND NMR OBSERVATIONS 
ae ee ER AOL IN 


The mass spectroscopy of cytokinins! 31-132) 


modified nucleosides found in tRna (o7+33/134) 
technique that has received a great deal of atcentiony 
and is extremely useful in the identification of such 
compounds isolated in small amounts from natural 
sources. Mass spectroscopy was also a valuable tool 
for the characterization of thercytokinin analogues 
synthestzed=intthis) study and fwas Particulariy usetu. 
forwaistinguishing the 2)-O-" and) 3’-O-methya* isomers). 


McClosky and coworkers!3°"136) 


have shown that 
the mass spectra of nucleosides generally show a series 
of characteristic fragmentations. Some of the itag— 
ment ions of the 3-methyl-2-butenyl analogues and of 
the benzyl analogues are summarized in tables I and ‘ty 
respectively. The more structurally significant ions 
consist of the heterocyclic base (B) plus various 
portions of the sugar skeleton. A second series arises 
by fragmentation of the alkenyl side chain either from 
the molecular ion (M) or, more abundantly, from the ion 
corresponding to the free base (BH) (see Scheme VI). 
Loss of Ces as formaldehyde with concomitant proton 
transfer to the base gives a low intensity ion VC) war 
m/e M-30. This is characteristic of nucleosides having 


an unsubstituted 5'-hydroxyl group and is observed in 


$5 
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all of the present compounds. Sugar cleavage to ion 


dad, which contains C c and the 2"=substituent, 


—1'’ =2' 
gives rise to a peak at m/e B+44 in compounds having 
an unsubstituted 2'-hydroxyl group. However, in the 
2'-O-methyl derivatives 37 and 39 this ion appears 

at m/e B+58 and in the 2'-deoxy derivatives S4eands 35) 
at m/e B+28, thus indicating the nature of the Sub- 
Stituent at the 2'=position. Ion w, which is also 
characteristic of 2'-O-methylation, 139) Occurs at m/e 
TAGw Ine 3s 7 atic 39 and is absent in the spectra of the 
3'-O-methyl compounds 38 and 40. An ion that occurred 
exclusively in the spectra of the 3'-O-methyl deriva- 
tives, and which may be characteristic of 3'-O-methyl- 
ation, had m/e M-61. Accurate mass determination is 
consistent with the molecular formula c-OCH, and this 
ion could readily arise by loss of a methoxyl radical 
from ion c (see Scheme VI). Ion h is normally a high 
intensity ion and occurs at m/e B30 It consirets of 


the protonated base plus C and the 4'-hetero- 


—]'! he 


atom and was observed in all of the compounds studied. 


H 


Glycosidic bond cleavage, accompanied by transfer of 
up to two protons to the base, gives rise to ions B, 


BH and BH These ions are characteristic of the base 


2° 
and its substituents, and the most intense of these, 


ion BH, occurs at m/e 203 in the Spectra of the heat ee 


methyl-2-butenyl) derivatives (22, 32, 34. 37 and 38) 


_—_—— —_ 
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and at'’m/e 225 for’the N° -benzy1 derivatives (291, B33, 35, 


36; 39 and 40). 


Fragmentation of the 3-methyl-2-butenyl side 
chain has been studied previously by Shannon and Letham 2? 
and gives rise to a characteristic series of ions. The 


Nine Qarilethye-J nit ehyvleduétensines (2208 32, Seyaesi, and 


38) all show this series of ions which in iPA (220) 


eccurta hem/ 6.Al 98 (Bu Cu 5eziia L660 (BH-C 4H HOO0S)i, 148 


ae 
(BH-C,H5, 16%), 135 (BH-C,He, 


This is Tim addit iom«to sions arising directly from side 


Le 
° a ° 
S72) mand. 41 (C,H, Pe Se ees 


chain fragmentation in the molecular ion at m/e Mais 
(M-CH.) and M-43 (M-C HW) (see Scheme VI and Table I). 
The mass spectra of the benzyl derivatives (29, 


33, 35, 36, 39 and 40) also have a series of character- 


istic ions, which are analogous to those found with 6- 


TS.) 


benzylaminopurine @lb)s: For example the spectrum 


of Neebeney Medenosane (29) has peaks at m/e 148 (BH- 


‘ o + ; + 
CoH5, 6.6%), 106 (CgH,CH=NH,", 468) and 91 (C_HQ", 


tropyllium ion, 51%). The benzyl derivatives also give 


mise, tio, tion asin 


by extrusion of benzylamine from ion 
BH with accompanying transfer of a hydrogen to the purine 
ring (see Scheme VI and Table II). The formycin deriva- 
tive, 43, has the tropyllium ion as its mass spectral 
base peak, m/e 91 (Ort Aw, 
The spectrum of NY Bp tie hyske Ok buseeny nec oniyba n 
Ae) 


100%). 


(42) has previously been discussed by Hecht. Spectra 
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of both 42 and 43 have high intensities of ion h and 
very low intensities of ion BH due to the stability 
of the C-C glycosidic bond. 138) Thisestabilty, is also 
evidenced by significant ions at d-CeH, and h-C.He, 
in the spectrum of 42, in which side chain loss from 
these "glycoside" linked fragments (d and hjmoccurs. An 
ion at m/e M=36 (M-2H.0) is present in the spectrum of | 
43 but not in 42 and thus, this loss is not general 
for formycin derivatives. 38) 

The mass spectra of the 6-thio analogues 47 and 
48 are similar to that of 6~(3-methyl-2-butenyl) thio- 


purine.?3?) 


Extrusion of an HS° radical to give ion 
% occurs from both the molecular ion and the BH ion 
(see Scheme VII). Ion y, which corresponds to formal 
loss of C,H;S from BH, is apparently Significant only 


after loss of the sugar. Hecht 137) 


has suggested this 
ion as the 6-methylpurine isomer which would involve 

a rather complex single step or multiple step decomposi- 
tion. He quotes evidence for a Single step fragmenta- 
tion in the observation of a peak at m/e 85 (C,H;S), 
which we also observe as a low Intensity sion weAscyelic 
process evolving the l-methyl isomer (ion y) plus thio- 
crotonaldehyde represents a plausible pathway for the 
formation of this ion (see Scheme VII). Remaining sig- 


nificant ions correspond to the usual Sugar and side 


Chain fragmentation patterns. For example, the spectrum 
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R R' x,m/é(rel.int.) Vey re a ee ici!) 
47 H CoHy0, SLIM Sia Ss) 
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NH, H ZO 2a Os) 149 (213) 
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Nuclear magnetic resonance (nmr) spectroscopy 
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was also useful for characterization of the compounds 
prepared and clearly indicated the Major structural 
features of each compound. The ly nmr spectra were 
alloruntin (CD3) ,SO-D,0 mixed solvent, thus eliminating 
peaks due to exchangeable hydrogens. 

The 3-methyl-2-butenyl derivatives (22, 32, 34, 
37, 38, 42, 47 and 48) all showed a characteristic 
series of peaks due to the side chain. The methyl groups 
both absorbed in the range § 1.68-1.75 and appeared 
either as a singlet or a pair of Singlets. The methylene 
group appeared in the range § 3299-4 Se although ne 
was often obscured by resonances due to H3) 
the methine group appeared as a broad triplet in the 


OG Have and 


range § 5.25-5.45 with a coupling constant ~ 6-7 HZ. 

The benzyl derivatives (29, 33, 35, 36, 39, 40 and 43) 
also gave characteristic peaks. Thus the aromatic 
hydrogens of the phenyl ring invariably appeared as a 
broadesinghetwor jmultipleteat 607634 land the methylene 
group gave a broad singlet at 6~ 4.78. The Singlets 

due to H, and Hg of the purine base, and also of H, in 
the formycin derivatives, appeared in the range 6 8.20- 
8.45 and were generally separated by ~ 0.1-0.15 ppm. The 
only exceptions to this were the 6-thiopurine derivatives 
(47 and 48) and the 9-8-D-arabinofuranosyl derivatives 
(32 and Ss) an 47 H, and Hg appear at 6 8.67 and 6 8.73, 


respectively, whereas in 48, H, was at 6 8.17. In 32 
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H, and He appear as a Single peak at § 8.20 and in eR) 
they also appear quite close together at § 8.27 and 
fo nak 3 Be 

The methylated derivatives (37 ASS: 39 and 40) 
showed a characteristic Singlet for the O-methyl group. 
In both of the 2'-isomers (37 and 39) this appeared 
at § 3.33, whereas in the 3'-isomers it was shifted 
Slightly downfield (§ 3.43 for 38 and 6 3.47 for 40). 
This downfield shift of the 3'-O-methyl group relative 
to the 2'-isomer has been observed previously in the 
Spectra of a number of 2'- and 3'-O-methyl purine 


nucleosides. 27) 


The deoxy nucleosides (34, 35 and 36) 
showed a pair of multiplets at relativelyghigh field 
for, the 2’= or 3*=methylene hydrogens (see Table III). 
Also, the 2'-deoxy derivatives (34 and 35) were readily 
distinguished from the 3'-isomer (36) by the splitting 
of the Hoo 1! 


triplet whereas in 36 it was a doublet (see Table TNs 


Signal. In 34 and SoeH appeared as a 
“he chemical shifts of the sugar hydrogens and 


the coupling constants for H areerecor ged sin Tables sll. 


==] 
and IV, respectively. Some trends are apparent on in- 
Spection of this data. Most notable is the great 
Similarity in the spectra of the Sugar hydrogens for 
pairs of compounds differing only in the base substituent 


(3-methyl-2-butenyl or benzyl). This indicates that 


the nature of the base Substituent, in these cases, does 
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Chemical Shifts of Sugar Hydrogens 


Stricturatl Shift of Hydrogen (6 in ppm) 
Feature 
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not have any significant effect on the chemical en- 
vironment or conformation of the Sugareresidue?s «The 


position of the H,, resonance is dependant on both the 


——| 
nature of the base and of the neighbouring 2'-sub- 

stituent. Thus in those adenine derivatives having 
ae2'ahydroxyl groupacis.terthe bochydregene (22 ; 2O:, 


36, 38 and 40), the H., signal appears in the narrow 


ey 
range of 6 5.90-5.94. However in the arabino deriva- 
tives (32 and 33) and the 2'-deoxy derivatives (34 

and 35), which now have a hydrogen at the 2'-position 


Gis sto the 1'-hydrogen, the H Signalwis shifted 


ae 
downfield by ~ 0.35-0.45 ppm. This shift is presuma- 
bly due to the absence of the shielding seftect+o fiethe 


139,140) Distinct ; 


neighbouring cis hydroxyl group. 
although much smaller ((0.1-0.15 Ppm)sp downfield shifts 
are also observed in the spectra of the 2'-O-methyl 
derivatives (37 and 39). The presence of the CC 
glycosyl bond in the formycin derivatives (42 and 

43) is characterized by the marked upfield shift 
observed forthe Hy 
Signal generally appears at about § 4.5- 


Signal. 
Lhe Hos 
4.6, except in the case of the 2'-deoxy derivatives 
discussed above. The most notable exceptwuons, are 
the arabino derivatives, 32 and 33, where the 2'- 


hydrogen, which now has the opposite configuration, 


gives a signal that is shifted upfield by ~ 0.4 ppm. 
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Slight upfield shifts are also observed for the 20 - 
methyl derivatives (37 and 39) and slight downfield 


shifts for the 3'-O-methylisomers (38 and 40). Marked 


downfield shifts of the Ho. 


methyl derivatives (37 and 39) causes the Hoi and H 


absorption ein ithe «2'-0- 


3! 


resonances to overlap in the spectra of these com- 


pounds. Similar downfield shifts of the Ho. 


were also observed in the 2'-deoxy derivatives (38 and 


Signal 


40). The only anomalous shift observed for the absorp- 
tions of the 4'- and 5',5"-hydrogens occur with the 
3'-deoxy derivative (36) in which the Hy Signal is 
shifted by ~ 0.4 ppm downfield from its usual position. 
This effect has been noted previously in comparison 
Ofethe spectra of the 2°= and 3-deoxy isomers of for- 


mycin and formycin pts?) 


and again may be due to the 
absence of the cis 3'-hydroxyl group and its resulting 
shielding effect. 

The trends, noted above, in the chemical shifts 
of the sugar hydrogens are interesting and may be of 
some value in the characterization of other nucleo- 
SldSsCeLivabtilvesi., ~lG is) temptingstor try 1oO explein the 
observed shifts in terms of the shielding or deshield- 
ing effects of the neighbouring groups, as has been 


139,140) Sey 


in the cases of the 1'- and 4'-hydrogens, 
a vicinal cis hydroxyl group appears to have a signifi- 


cant shielding effect. The observed trends, however, 


48 



















8% . tn ae 
7 a a 


yiotluwok dig ite. Sas (8k. fas Ler 


if 


bétereM .. OO bos BE) axnite Eiyid Si ~o-'E ait : ad 
—j+'S eds if, mole rt sds... Bae to ite‘ 
> als it pie 


ey ttl 1 afd sedons (Rl Bap te) cov nieve vs yeh tem 


MOD ‘o guso3a2 Sit oat Ges xENhO of samawnoney 

; a 
fern H ed to agtide Bfofiawop a Lbnks + tbe vod 
k : oa ; _ — 


j 7 
vijeviteb v¥eoeb="S sila wma in ae oa 


a - 
ert: ~ mo Tamote win 1 AT 7 «(We 













> a , oa we 
\ = oxrbyd—"2y"2 aan bh f a 30 Be old | 
WiG iJ 7 riw c Of} i= - rid nS 7s. 2 eb yxae » pa a 
a c lel owed niga 1 a beat tie 
L yien ‘y beseg OE seid +2 otte 
s e 7 7 
j wai = is? =< “ste Bae sasoege sid ; 
- ‘ . eae 
; bi 
{ i} fi A : ree > ae . 
og 39 d. d¢em-itsps, Sas’? iicbogrw? Das aes 
to a 1 oo 
“wore Cvxerhwi- “E222 Sa9 ae erage & 
P » Groat vfs i oa pe 
>  foorbe peletolie 
ff tales: 
4 { | &? l iia { J iets heporm . 2a ‘4 ve Least : : 
oO 4 isin. bus pilitestasn lass srsnoepen 1h pre a ‘te 
4 : ; ial 
"“GSOAtUs dito to nroLjssirs7ss texke ana ant antee oa 02 
: } } > any +e : rea 
eid nislaxs oF yis al paksameay ef si. vere obi 
- , ~ ~~ - v - = 7 


-bpiatdesd 


~ 


40 onibiariee sda a “e nt 


nsad 26d an eawerg) pada sPee 


— 
(a$ Pi EEE ensposbipt re Bis A" ‘ 










- 


_— stedw 
ian 


, _ ie a 
or oe es 7 7 al see > Stat? a “ty. ae 4 a ; 
aes -— : : a ae ‘ Lia 

_ 9 a) _ a 
_toveowon ebnsa Mev aanede 


> 





49 


are not completely consistent and variations in the 
conformation of the sugar ring, as evidenced by the 
variation of the Hye 


may be another important factor in determining the 


coupling constants (see Table IV), 


Chemical) shifts of the sugar hydrogens. 
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EXPERIMENTAL 


As GENERAL PROCEDURES 

Melting points were determined on a Fischer- 
Johns apparatus and are uncorrected. Nuclear magnetic 
resonance (nmr) spectra were recorded on Varian A-60 
or HA-100 spectrometers with Me ,Si as internal standard 
in Me,SO-d¢-—D.0 mixed solvent. Ultraviolet (uv) 
Spectra were recorded on Cary 14 or 15 spectrometers 
with solutions prepared by five ing agi mls sample of 
an accurately determined stock solution in MeOH to 10 
ml with MeOH, 0.1 N HCl or 0.1 N NaOH (freshly pre- 
pared). Optical rotations were determined on a Perkin- 
Elmer Model 141 polarimeter using a 10 cm, 1 ml micro- 
cell. Mass spectra were determined by the mass 
Spectrometry laboratory of this department on AEI MS-2 
or MS-9 instruments at 70 eV. Sample introduction 
was via a direct probe at temperatures between 150 and 
230°C. Elemental analyses were obtained by the micro- 
analytical laboratory of this department. Thin layer 
chromatography (tlc) was performed on Eastman Chromat- 
OGram Sheets (silica gel No. 13181, indicator No. 6060) 
or on glass plates coated with Merck silica gel GF-254 
with sample observation under uv light (2537 A). 
Preparative tlc was performed on glass plates coated 
with Merck silica gel PF-254. The solvent used for tlc 


Was the upper phase of ELOAC—n-ProhH—HuH,0 (4:1:2) unless 


50 


_ eS 
A Sy Ag 


4 ' al 


ee 




















al orate he axa 
et Le at _ 
wer’ 


Ty vioaas dh sens 


~— pee 
















: . Ho Sentimisssb etow aheted ‘euersol 
i, sin ri ‘ " | ; 
{roonw Sis brt aud ‘ath id ER 
ry > ; 1 Bi 
r : : Py y i Btu phat / saat sonaaou 4 ‘s 
» provouoiesqa’ Ola 10 
z : 
autos Hox ia OO eoa.e . 
_ a “S™: a 4 sa 
te 
' ps u 1 a ie 2" iow dit J 
[ Si LSI [ 69% pen anod isto a iste 
nA 4 t nimzt=; 45 ie I~) 
| (.0 10 ION 4.0 5 H0eM meee 
i 
: Tol Fnaod fan r2qgoO 
—r 7 ae fut 
S : f: HiirlIcy 2 yA MSs a6 ay Le io 
bh o26w satagge sent 7 
ne tah ad trotdanue tasdd Sol eee adhe 
JE 7 WAS 
ee . 
; f (Sore tA Sao tg toatl 
- . . . soey Lens Lacteouisee. 
| ar .tnuometsqeb aida oa Yade eroded is 
a : 7 (aw  « " re a oy | 
‘eg@niowid msndesd nO boMmtOttoy, aay (ob) riqaaeed ath 
: 7 4 me oh ’ 
7 A ae ae k ope 5 ae art e a Sr po 
7 - os (0 oad .OK TORUS s.IoNI . Leiet 2) { BY Soa cae i as 


heS=40 [op cotiia 219154 g2iw batsos 





" sic : : er 
{A VERS) adpre ul rabia Sat gree 0 
<3}, hy 7 7 iM J 


3 BOO ae $5 £g mae ne beams 
; 7S 
nevloe ad? 


a 

ile Sete 

(sefPb) Ogi ner 
Ab i 









Otherwise stated. Evaporations were carried out 
using a Buchler rotating evaporator with a Dry Ice 
cooled Dewar condenser under asprrator-or--oi1 pump 
vacuum, at 40°C or less. 

All alkylation reactions were Carried out in 
round bottomed flasks protected from moisture by 
Drierite drying tubes and were Stirred magnetically. 
Filtration. by gravity was employed to avoid static 
charge when hydrocarbon solvents were used. 

N,N-Dimethylformamide (DMF) was dried PELOR fC 
use by distillation from P5O,. Skellysolve 'B' was 
purified by distillation. All other solvents were of 
reagent grade purity and were used WECHOULIpDULIt) ca— 
tion. Linde 4A Molecular Sieves were dried in an 
Ovens aizsz005Cs 9-8-D-Arabinofuranosyladenine (30) 

Was purchased from Pfanstiehl Laboratories. 3-Methyl- 
2-butenyl bromide was purchased from Chemicals 
Procurement Laboratories, Inc., and redistilled 
immediately prior to use. Benzyl bromide was purified 


by distillation: 
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Be SYNTHESES 


Nps every le oueteny 1) adenosine IN°~ (A2— 
eee ee eae 8 een ee 


Isopentenyl) adenosine] (iPA) (ee )ie 
es ee ee ee ee» ee 


(a) With no acid acceptor added: iPA was pre- 
pared from adenosine and Somethyl—2-buteny lil, bromide 


according to the procedures described by Grimm and 


LEG) 69) 


Leonard and by Robins et al. Although these 


authors report yields of iPA of 38% and 42.5% res- 
pectively, the yields obtained in the present case 
varied in the range of 20-30%. In agreement with 


Leonard et seey om) 118) 


69) 


Martin and Reese, and Robins 


et al. it was observed that the nt-alkylation 

step proceeded to about 50-60% and then ceased. How- 
ever, addition of acid acceptors to the alkylation 
mixture was found to Significantly increase the con- 


Version Zto tthe nt-alkylated product and resulted 


in -thé@isobation®*of higher yields of UPA. 


(b) In the presence of 4A molecular sieves: Toa 
ee ee ee VCS 
Solution of 1.96 gq (7.5 mmoles) “of adenosine in 40 


ml of DMF was added 1.79 g (12.0 mmoles) of 3-methy1- 


2-butenyl bromide and 15 g of Fisher type 4A molecular 


sieves. The mixture was stirred in the dark for 36 
hrs. Tle showed 80-90% conversion of adenosine ok 


cie N’-alkylated product. The mixture was diluted 
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WECH@LSaml of 43 N NH , OH and 50 ml HO, to bring the 

PH to ~9 (pHydrion paper), and was then refluxed for 

i hr. Periodic additions of 3 N NH,OH were made to 

the refluxing mixture to keep the pH near 9. fTlc showed 
essentially complete conversion of the NEE to the 
Ngaalkylated product. The mixture was filtered and the 
filter pad washed well with HO. The filtrate (~200 ml) 
was salted with 50 g of NaCl and the resulting solution 
was extracted with EtOAc (8 x 50 ml). The EtOAc extracts 
were combined, dried over Na,SO, and the drying agent 

was filtered off. The filtrate was evaporated and 

the light brown residual oil was crystallized from MeCN— 
EtOH (3 crops) to yield 1.41 g (58%) of crude BOs 
Recrystallization of this material from EtOH—MeCN yielded 
ORS8iigs (41%)) of chromatographically pure 22: partial 

mp. 138-141°, complete at 148-150°. 

(c) In the presence of BaCco,: Topassolucion of50.40.g 
(1.5 mmoles) of adenosine in 7 ml of DMF was added 0.32 g 
(2.2 mmoles) of 3-methyl-2-butenyl bromide and 0.5 g 


of BaCo The mixture was stirred in the dark LOY vRRGSs 


3° 
Tlc showed almost complete nt-alkylation and the mix- 
ture was filtered through Celite. The filtrate was 
evaporated to low volume and diluted with 15 ml of 
Me.NH—MeOH (1:1). This solution was stirred for 2enrs 


when tlc showed complete conversion of the n+-alkylated 


Product and a ratio of 80-90% of 22 to 10-208 of 
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adenosine. The solution was evaporated to low volume, 
diluted with 20 ml of H,O and extracted with EtOAc 

(S x 20 ml). The combined EtOAc extracts were washed 
with H50 (2 x 20 ml) and the combined aqueous washes 
were extracted with EtOAc (2 x 20 ml). The total 


combined EtOAc extracts were dried over Na.SO the 


2 ae 
drying agent filtered and the filtrate evaporated. The 
residual oil was dissolved in MeOH and the solution 
Evaporated tLogyield#0s37 gi,(743),.0f chromatographically 
pure 22 as a colourless solid. Recrystallization of 
this material from MeCN—EtOH (3:1) gaye OF29%G (632) 
of 22 as colourless needles: MPH 3551362. —nAasnal 1. 


sample of 22 purified by preparative tlc on a silica 


gel plate and crystallized from the same solvent gave 


needles of 22 mp VLA] 140. [a]*° ~6574°5(c lL, MeOH), 
-71.5° (c 0.14, EtOH), [a]£?, -78.1° (c 1, MeOH), 


sa gite (c 0.14, EtOH); uv max (MeOH) 268 nm (e ee LOOies 


ite Cac, LOL One eNO Oy Sey ME Sa aes Shs 


IS oa sh Abe 
pee OO Sem Found: | Cu 5379-8 h 1G. 44> Ny 20.68. 


Numerous samples of 22, prepared by each of the 
methods outlined above (not including preparative tlc 
purification), regularly gave melting points in the 
range 135-144° and these samples consistently gave a 


low nitrogen analysis. Previously reported melting 


Le) 60) a1 6 


points were 134-136°, 142-143°, 145-147°, 


69) 


148°. Mass spectral analysis of these samples of 
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22 showed a peak at m/e 403 which had an intensity 

in the range 1-4% relative to the parent peak for 22 
atet/e "339. 8 This™peak=is thought to be caused by an 
impurity in 22 which contains a second 3-methy1-2- 
butenyl residue. Repeated recrystallization from 
MeCN—EtOH did not remove this impurity peak and did 
not consistantly raise the melting point or give a 
sample of 22 which was suitable for analysis. The 
analytical sample of 22, which was purified by pre- 
parative tlc, did not show any Observable peak at m/e 
403 in its mass spectrum. Small samples of the 
impurity material were obtained by column chromatog- 
raphy and the properties of this material are described 


in the Results and Discussion section. 


N°- (3-Methy1-2-buteny1) -9-g-D-arabinofuranosy1- 

eae PN ee I RS gee? Wigan 
adenosine (32) 

To a_solution of 0.52 ¢g (2.0. mmoles) of 9-g- 
D-arabinofuranosyladenine (30) in 10 ml of DMF was 
added 0.45 g (3.0 mmole) of 3-methyl-2-butenyl bromide 
and 2.5 g of Fisher type 4A molecular sieves. The 
mixture was stirred in the dark for 19 hr and was then 
duluted with, JO. misof 13 N NH , OH solution and 20 ml 
of H,0 to bring the pH to ~10.0. The mixture was then 
refluxed for 1 hr with periodic additions of NH.OH 


4 
solution to keep the pH in the range 9.0-10.5. The 
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mixture was filtered through Celite and the filtrate 
was diluted with 30 ml of HO, salted with 10 g of 
NaCl and extracted with EtOAc (6 x 25 ml). The extracts 
were combined and dried over Na ,SO,.- The drying agent 
was filtered off and the filtrate was evaporated. The 
resulting syrup was crystallized from le POH ss SSR 
0.35 g (54%) of off-white material, mp 158-160°. Re- 
crystallization of this product from i-PrOH—MeOH (7:3) 
gave colourless flakes Ote32,)mp 160-161.5°2. WA sample 
for analysis was recrystallized from MeCN-—ELOuStO 
eliminate i-PrOH of solvation. Pure 32 had mp 161.5- 
Meee Weg 1 oom COMMMEMEOH Ee uva tia xe (MeCHiao cel S. ni 
(Se Ls, 100). 

Atle eaCalce eforacw=H- NO) - Cay 2am Hye Ol: 


52 1S 5545 
N, 20.89. Found: C, 53.91; H, 6201 Nas 0).01 


N°- (3-Methy1-2-buteny1) -9- (2-deoxy-8-D-erythro- 
ee ee 
‘ : 6 2k 
pentofuranosyl)adenine (2 ~Deoxy-N -(A’-isopenteny1) - 


nS esereersresreeneeereemeeeeeree ee 


adenosine) (34). 





To a solution of 5.02 g (20.0 mmoles) of 2'- 
deoxyadenosine (10) in 100 ml of DMF was added 4.47 g 
(30.0 mmole) of 3-methyl-2-butenyl bromide and 25 GEOG 
Fisher type 4A molecular sieves. The mixture was 
Stirred in the dark for 46 hrs and was then filtered 
through Celite. The filter pad was washed well with 


DMF and the filtrate was evaporated to ~50 ml. The 
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resulting golden/yellow solution was diluted with 
200embE40£ Me.NH—MeOH tb: D)isand vstirred magnetically. 
Afitert4ehns thegsabutienawas evaporated to low 
volume, diluted with 200 ml of saturated NaCl solu- 


tion and extracted with CHCl (3) xhho@ im). The 


6} 


combined CHC1, extracts were washed with H.O (3 x 


2 
100 ml) and dried over Na,SO,. The drying agent was 
filtered off and the filtrate was evaporated to 

yield a yellow syrup of crude 34. The syrup was 
dissolved in a minimal volume of CHCl, and applied 
Coma drymeackédtcolumm (2.3 x74 cm, ©3006 a) teks 

Woelm alumina (deactivated to grade gil). Zithe 

column was eluted with CHC1.,—MeoH (S021) er ractions 
containing 34 were combined, evaporated and dissolved 
Prez O00 sme Ot MeOH—H.0 oye ini Secolution was 
extracted with Skellysolve B (1 x 100 ml) and with 
EtOAc (5 x 100 ml). The Skellysolve B extract con- 
tained only coloured impurities and was discarded. 

The latter EtOAc contained pure 34 and were set aside. 
PiCetiret BLOAG evtract contained 34 contaminated 
with minor impurities and was evaporated. The 
residue was subjected to the above extraction pro- 
cedure (omitting the Skellysolve B extraction) and 
One further repetition of this procedure yielded 


EtOAc extracts containing only 34. The total EtOAc 


extracts were then combined, evaporated and coevapo- 
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rated with EtOH and then benzene to yield a syrup ol 
pure 34. This syrup was dissolved in a minimal 
quantity of benzene containing EtOH to affect sol- 
ution and was freeze-dried at -78°. After 15 hr 1.75 g 
of crystalline solid remained in the flask. This 
product was recrystallized from acetone-cyclohexane 


(3 crops) to give 1.33 g (23%) of colourless needles 


28 
D 


(MeOH) 268 nm (€ 18,900). (Reported:?°) mp 48-49°; 
[a]*° 


Of 34: mp 106-109°; [a] sedi oh Bs Pe: (c 1, MeOH); uv max 
ses he (c OF3 7 °E COM )*)-% 
Anal -"Garcd*toree. “H*=N nO Gyo Ona 0.05, 


Ey Gaee 
Nyc foo. round: @ aC Re y0N 27 >is nO. 99: Nyaeeelee oo 


N°-Benzy adenosine (29). 


To a cooled solution, prepared by warming and 
cooling, Of 1.0 g (3.8 mmoles) “of adenosine in 20 mil 
of DMF was added 1.92 g (11.0 mmoles) of benzyl 
bromide and the solution was stirred at 40° for 48 
hr. The solution was then evaporated to ~l ml and 
this was added dropwise to 100 ml of dry acetone 
Wichevrgorous= st tkri ings Dry. Et5,0 (200 ml) was added 
and the precipitate was collected by centrifugation. 
This material was dissolved in 25 ml of MeOH and 
25 *mP*oFf Me.NH—MeOH (l:1) was added. This solution 
was stirred for 4 hr, evaporated and coevaporated with 


additional MeOH. The residue was dissolved in 25 ml 
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of warm MeOH, HO (150 ml) was added and the resulting 
solution was extracted with EtOAc (7 x 50 ml). The 
combined EtOAc extracts were dried over Na,S0, and the 
drying agent was filtered off. The filtrate was 
evaporated and the residue was coevaporated twice with 
EtOH and then an additional time to a volume where 
crystallization began. This mixture was allowed to 
Stand at 4° for 18 hr to’ give 0.88 g (67%) of colour- 
less granules of 20 ampercy .5-168 °wasAesampleefor 
analysis was recrystallized from EtOH to give crystals, 
mp" 186-187° with partial melting at 169-170°, fol- 

28 
D 


lowed by resolidification: [a] -65.1° (c 1, MeOH); 


uvemaxe (MeOH). 270Wnma (2620 ,800)4h266<5ahmi(shyec 207500) 


6) Zo 


(Reported:”°) mp 183°; [a]>> -61.7° (c 0.227, 958 


EtOH) . 
Analercaicd! for C1 7H 9N50,: 
NyeloOrGcOel Pound: WCSe56R98:0Hy 52:40:0N,t19% 856 


(yi Sake saH, 5.36; 


Rp Benzyl -o-6-)-arabimofuranceyladenine (Bae. 


Yora solution of 12879q3 (7:0 mmoles)” of 9=e= 
D-arabinofuranosyladenine (30) in 30 ml of DMF was 
added 3.13-g (21.0 mmoles) of benzyl bromide. ‘The 
resulting solution was stirred for 68 hr and was then 
eVaporateds toy arivolume- -5-micxylhiiss solutions was 
added dropwise to 100 ml of vigorously stirred dry 


acetone, and anhydrous Et,0 (200 ml) was added to 
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complete the precipitation. The precipitate was 
allowed to settle Overnight and the solvent was. de- 
canted off. The precipitate was dissolved in 20 ml 
of MeOH and 30 ml of Me.NH:MeOH (1:1) was added. 
This solution was stirred 3 hr, evaporated to low volume 
anos da luted with EtOAc, (25 m1). and H,O (> Oem). 
Crystallization occurred in the EtOAc layer and the 
Organic phase containing the crystalline material 
waS separated. The aqueous phase was extracted with 
ECOAG (6.x 25 ml) and all of the oOrganicsextracts 
(including, that. one containing crystalline material) 
were combined and evaporated. The residue was Coe 
evaporated twice with EtOH and the resulting pale 
yellow solid was crystallized from EtOH to give 
i /2° 69,4692) Of-colourliess, needles: of Senet loo. 5 = 
199.5°. Recrystallization from EtOH yielded an 
analytical sample which had the same mel linge pount: 
ene ni apt eb (Cc 1, MeOH); uv max (MeOH) 267 nm 
pee 000). 

Anal. Calcd. for CG. ko Naso 
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Se EE oe oe ie ee 6 ed = 


PO“a scClution of 2.51 g' (10.0 mmoles) of an- 


hydrous 2'-deoxyadenosine (LO) sone SO leon DMEM was 
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added 3.60 g (20.0 mmoles) of benzyl bromide. After 
stirring for 5 days the resulting solution was evapo- 
rated to low volume and then diluted with 50 ml of 
Me . NH—MeOH (1:1). This solution was stirred for 
1 hr and then evaporated to low volume and diluted 


with 100 ml of H,O. The resulting emulsion was 


2 
extracted with CHC], (5 x 50 ml) and the extracts 
were combined and dried over Na,50,. The drying 


agent was filtered off and the filtrate was evapo- 


rated. The resulting syrup was dissolved in CHCl, 


and the solution was made up to 100 ml with CHC1 3. 

A 70 ml portion of this solution was evaporated and 
the residue dissolved in a minimal volume of CHC1,— 
MeOH .(39:1). .This solution was applied to a column 
(1.7 x 60 cm, 150 g) of Woelm alumina (deactivated 


to grade III) packed in CHCl.,:MeOH (39:1). The 


3 


column was eluted with the same solvent and the 
product containing fractions were combined and evap- 
Orarcas osg1ve 1 229) qe sas beor 35 aS a -colourless 
solid foam. Crystallization of this material from 


EBCOH yielded 0.94.9,(42%, based,on 1.76.g of starting 


LU) me bie la b= 176. aos me Lemme (Cel ye MeOH) 5 Muy 


Mare Neon 270 mm (© 21,800), 26/9nm (sh, © 217600)" 
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NeaBenzy1=9=(3-deoxy-g-D-erythro-pentofuranc- 


Syl) adenine (Note erzy les Madox Pfatnd eile) f36)% 


Tova solution of 0.905 Galo. oemnoles) of 3) — 


Bee osm ore pire ane 


deoxyadenosine (31) 
12.5 g (7.2 mmoles) of benzyl bromide. After stirring 

for 6 days the resulting solution was evaporated to 

low volume and diluted with 35 MIBOf Me NH—MeOH (1:1). 
This solution was stirred for 3 hr and then evaporated 

to low volume, diluted with 200 ml of EtOAc and 100 ml 

OL H,0 was added. The organic phase was separated 

and the aqueous phase was extracted with a further 

100 ml of EtOAc. The combined Organic phase was washed 


With 75 ml of HO, dried over Na,SO ancetil tered. 


4 


The filtrate was evaporated to the point of crystal- 
lization and then allowed to Stand at 4° for 14 hr. 
Filitration gave 0.75 g (65%) of colourless granules 


Of 36; mp 185-186°. An analytical sample was re- 


28 
D 


(c 1, MeOH); uv max (MeOH) 271 nm (ce 21,000) 267 nm 


crystallized from EtOH: Mee Oo) Sos lick | -49.1° 


(sh, ¢ 20,900). 
Anal Caled tor G. oh eN2O 


seit hel epee 
N, 20.52. Found: C, 59.97; H, 5.83; N, 20.27. 


C, 59.81; H, 5.61; 


N’= (3-Methy1-2-buteny1) -2'-o-methyladenceine (37) 
and N°- (3-Methy1-2-buteny1) - 3'-0-methyladenosine SR 


To a stirred suspension of 4.50 G7 Gl3 23 mmoles) 
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of N°-(3-methyl-2-butenyl)adenosine (22) in 150 ml 


of a nore M solution of SnCl °2H,O in Meou.?7) was 


2 
. 141) 
Slowly added a stock solution 


of diazomethane 
in 1,2-dimethoxyethane (glyme) until the solution 
became clear and a faint yellow colour persisted. 
Tle (CHC1,—MeOH, 95:5) showed monomethylation to 
be complete. The solution was evaporated to leave 
a aeike yellow solid foam which was dissolved in 30 
ml of glyme—H,0 (1:1) by warming on the steam bath. 
Upon cooling this solution, 2.76 g (59%) of the 3'- 
isomer (38) containing traces of the 2'-isomer e)72) 
crystallized (mp 109-111°) and was filtered. This 
material was boiled with acetone and filtered hot 
through Celite. The filter pad was washed well 
with boiling acetone and the combined filtrate was 
concentrated to about 20 ml and allowed to cool at 
4°. The product which crystallized was recrystal- 
lized from 10 ml of acetone to give 1.82 g (39%) of 
colourless granules of 38, mp 112.5-113.5° (powdered 
and dried at 78° (0.1 mm) for 24 hr over PO. and 
Paraffin wax). 

The mother liquor from crystallization was 
evaporated and the resulting solid foam was dissolved 
by opmleof EtOH—H.O0 (30:70). This solution was 
applied to column (3.3 x 120 cm, 1000 ml) of Dowex 


1-xX2(OH ) (200-400 mesh) packed in EtOH—H.O (30:70). 


2 


we * 


al : 
“ asc me. 


a i 
























bn OLE vt (e8) etd. 
eeu a svat tad. , git iw +0" 
onnticiblintcs tt. Sik (aA gpdited tls 
sotsotes pat Lida terwin) ene 3099 bi 


i het Cae. sooigo woRDeY spidahac §. ae i 
12 doLgeRytaoannaca pawcia (ade Dieaicill Sclaac beast 
eat of ‘heoe craqeve vew coiguelas, ORF ae of 
NS wi bovtlaeees lhe Saay wie aie | woking olay ) neler 
fiad meade St, 1o-yaRReiy te, tee sqit—~aenet Sate | 
ant Tol {eG & ars play hae ‘wbait | enh icon Ana 
ive) ov t= "Sri oneal ghekbnaaes (0 mod 
Jkt ,Sgtedlet 2a. Boe (+p oi eoR mr: bank ketengie, 

4 baret le San Gaon ese: sethon- aow eked eae 7 

flow: betanw oe hay vadtPeugay - cached quent 
‘op bedadne at) hes See patted tee 
. r Rexvobis Soest Os See oe nay ) : 
~tsdayn9o2) BEY SEES a) call ARNO ErTR wan ea, 
to | #60) > SB ft evis Me ete teem ta in uf mgr? 
cobving) AAset ls Sie” an 26 to satunesD 


pus .0,4 sete ah, SE Sea Aire ett Neil an bois 






Paes ° 


ia <7 | 


> 
* 


a 
- 


: 
we px a a a) 


ebw Jedinsitiniss ae ES my: as is | 
| ct a ¥: 


64 


The column was eluted with the same solvent and 20 ml 
fractions were collected at the rate of 1 ml/min. 
Fractions 110-189 were combined, evaporated and co- 
evaporated with EtOH and CHCl, GORGIVeES 1 644009( 3712) 
of 37 as a solid foam. This material was dissolved in 
TOSMVLC£ MeOH—H.0 (Le4"Cand the resulting solution 
was extracted with Skellysolve B (2 x 40 ml) ana 
ECOAGH (4 xi 40 tml). Wathe Skellysolve B extracts were 
discarded and the EtOAc extracts were combined and 
washed with HO (2 x 50 ml). The organic phase now 
contained no visible slower migrating spots on tle 
and was set aside. The combined aqueous washes were 
extracted with EtOAc (2 x 50 ml) and the combined 
organic phase was back washed with H5O (50 ml) and 
then added to the above EtOAc extracts. This com- 
bined solution was evaporated and the residue was 
dissolved in 25 ml of MeOH—H.0 (1:4) and extracted 
with Et,0 (10 x 25 ml). The first Et,0 extract was 
contaminated with a trace of faster migrating material 
on tle. The additional Et,0 extracts were combined, 
dried over Na5SO,, filtered, evaporated and coevapo- 
rated with benzene. A benzene solution of the OD Ly 
residue was freeze-dried at -78° to give 0.48 of Robe 


chromatographically pure 3/: mp 47-60°, complete at 


28 
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hare ge Rod Ole so gee Cl ny CHC1l5); uv max (MeOH) 268 nm 
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164%23N5°,: Creo s00;.H, 6.633 


Nye Oe05e wr ound:;4.C,.54.98;_H,.6.84: N,.19.86. 


Anal..Calcd: for.c 


Fractions 445-595 were combined, evaporated 
and coevaporated with EtOH and then CHCl. to give 
0.28 g of 38 as a solid foam. This material was 
dissolved in boiling acetone and filtered hot through 
Celite. The filter pad was washed with EtOH and the 
combined filtrate was evaporated to a solid residue 
which was crystallized from acetone to givey (0.13.9 
(3%) of 38 (total yield of pure crystalline hye leo 
(42%)): mp 113-114°; [a4 =a 6% Ose (Co lye MeOH); uv 
Masa MeOH). 268 snme(enlO7700) 

pDel 9 Calcdetom Cos NOs. C, 55.00; H, 6.63; 


h6e4232 5°45 
Neme0i one sFOUundss C, DAZ dies H,. 6.2.78: Ni 20200. 


Ny -Benzy1-2!-O-methyladenosine (39) yand Nae 


ee ee ee ee ee ee 
Benzyl-3'-O-methyladenosine (40). 





A stirred suspension of We “Benzyl adenosine 
(2a S00 ml or allow M eolutiontor SnCl,°*2H,0 in 
MeOH was converted to a mixture of 39 and A07eassdes— 
cribed above for the preparation of S/feni 5). eine 
syrup which resulted after evaporation was dissolved 
regs JNOh Teh Yohe EtOH—H,0 (3:7) and applied to a column 
(3.3 x 130 cm, ~1100 ml) of Dowex 1-x2(OH )= (200-400 


mesh) packed in the same solvent. The column was 
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eluted initially with EtOH—H.0O 3 S77 R= Ve) Cardez70 tm 
fractions were collected at a rate of ] ml/min. 
Fractions containing pure 39 were combined, evapo- 
rated and coevaporated with EtOH and then CHCl, to 
yteY¥dt2 .7@ g4(362h! ce 39 as a pale yellow solid foam. 
Ths matervall Cnr mmole) was dissolved in 6.5 ml of 
EtOH and 16 ml of acetone and was treated with a 
solution of 0.27 g (7.4 mmoles).*of HCL gas Sr 32 “ni 
of EtOH and 16 ml of acetone. An additional 65 ml 

of acetone was added and the mixture was allowed to 
Stand at 4° for 15 hr ‘to Piedd2.37 g (28%) of 
crystalline 39 hydrochloride, mp 129-132°, A sample 
for anlysis was recrystallized from dry EtOH—Et,0 


containing 0.37 equiv. of HCl to give crystals with 
mp 14 725-149.5%2. fae 8 d4 se (oi  MeOH) suv Tax 
(MeOH) 271 nm (¢ 20,100), 267 nm (sh>*= 20,000), 
(NaOH) 269.5 nm (¢ 20", OU 0)R 


Anal. Calcd for Cc Oy As! nC 53 400s Hy 


eas 
aude eeN 17 t le7 lt ee 6S SaroOund: Cie 220 Oc He Saal Se 
NieelGe 892501, 18. 7.0. 

Elution of the column was continued and the 
concentration of EtOH in the eluant was gradually in- 
creased (Over a volume ~5 2) to PCOH——Bo5O. (S529). The 
74 fractions following the elution of pure 39 were 


combined and evaporated to Gave,0.45 g. (6%): ofs as mix-— 


ture of 39 and 40 as a solid foam. The following 
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fractions containing pure 40 were combined, evaporated 
and coevaporated with EtOH and CHCl, to give 4.50 g 
(58%) of a solid foam which was crystallized from 
acetone to yield 3.68 g (47%) of colourless granules 
Of 40: mp 141-142.5° (dried for 15 hr at 60° (0.1 mm) 
over P.O. and Paraffin wax); [a -~44.,1° (c 1, MeOH) ; 
uv max (MeOH) 271.5 nm (ec 20,300). 

; Anal. §Galca@tor Ci gH51N59,: Cy 6-17 sel, a5 470: 
Wyre SCO Teer Ound 3) Cpe 58 214 eH a5 663; eN plo A162 


3-Methy1-2-butenylamine. 

This was prepared from 3-methyl-2-butenyl bromide 
in a similar manner to that used by Leonard et oma 
for the conversion of the p-toluenesulphonate deriva- 
tive of 3-methyl-3-butenyl alcohol to 3-methy1-3- 
butenylamine: 


N- (3-Methyl-2-butenyl) phthalimide. 





To a suspension of 18.5 g (100.0 mmole) of 
potassium phthalimide in 100 ml of DMF was added 12.7 g 
(85.0 mmole) of 3-methyl-2-butenyl bromide and the 
mixture was stirred for 20 hr at room temperature. 

The resulting clear solution was poured into 500 ml 
of ice cold H50 and the crystalline solid produced 
was filtered and dried on the filter. Recrystalliza- 
tion of this material from Skellysolve B yielded (2 


crops) 16.3 g (89%) of product as a colourless 
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crystalline solid: mp 100-102°: nmr (CDC1,) Ome7 a3 2 

(m, 4, aromatic HF eo hte ny <>7 HA, Le =CHs) 704524 

(Anes tal H2Ae2, ~CH~) a 107ml O2eseas, 6% C(CH3)5)- 
3-Methyl-2-butenylamine. 

To a suspension of 14.0 g (65.0 mmole) of N-(3- 
methy1l-2-butenyl) phthalimide in 250 ml MeOH was added 
4.2 ml (70 mmole) of an 85% solution of hydrazine hy- 
drate. The mixture was heated under reflux for 3 hr 
and the resulting clear Solution was evaporated. The 
residue was dissolved in 300 ml of ice cold H5O and 
acidified to pH ~ 1.5 using concentrated HCl. The 
resulting thick white precipitate was filtered through 
Celite and the filtrate was evaporated and coavanorated 
with EtOH. The residue was dissolved in EtOH, filtered 
and the filtrate was made up to 100 ml with EtOH. 

This solution was cooled in an ice bath and 900 ml of 
Et,0 was gradually added with Stirring. Pale brown 
Crystalline flakes were filtered off and a second 

Crop was obtained by dilution of the filtrate with a 
further 1000 ml of Et50 to give a total of 6.51 Gmcae) 
of 3-methyl-2-butenylamine hydrochloride. This material 
was recrystallized from EtOH—Et.0, using the same 
procedure as above, to yield 5.99 g (76%), mp 188-196° 
(dec) eA oe Og Ale mmole) portion of this material 
was dissolved in 20 ml of H50O and cooled in an ice 


bath. To this solution was added a solution of 1.65 ¢ 
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of NaOH in 20 ml of H5O and the resulting solution was 
extracted with Et.,0 (2 x 40 ml). The combined Organic 
phase was dried over Na,SO, and filtered. The filtrate 
waS evaporated to remove solvent and the residual 
liquid was distilled at reduced pressure to give 3- 
methyl-2-butenylamine: bp 32-34°/36 mm; n2> 1.4422. 


D 
143) n2> 
D 


(Reported: T4420) 


7-N- (3-Methy1-2-buteny1) amino-3-8-D-ribofurano- 
sylpyrazolo[4,3-d]pyrimidine [Neat taal sorentenvT 


formycin) (42). 





A solution of 0.80 g (2.8 mmole) of 7=CnLoro= 
3-8-D-ribofuranosylpyrazolo[4,3-d]pyrimidine Unie ae 
uni2ze7eq (32.imole).of 3-methy1l-2-butenylamine was 
stirred for 2.5 hr at room temperature while pro- 
tected from moisture. The resulting solution was 
poured into 25 ml of ice cold 1 N NaOH and this sol- 
ution was extracted with ee 8 (5 x 20 ml) to remove 
excess amine. The organic phase was discarded and 
ice was added to the aqueous phase which was then 
Cautiously neutralized to PH 6 (pHydrion paper), with 
concentrated HCl, and extracted with EtOAc Cis ree 
ml). The combined organic phase was dried over Na5SO,, 
filtered and evaporated. The colourless solid resi- 


due was dissolved in MeOH and filtered through Celite. 
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The filtrate was evaporated to give 0.73 SF COTTS PCE 
42 as a solid foam which was treated with 20 ml of 
acetone and allowed to stand Overnight. Upon agita- 
tion the product crystallized and two crops of 42, 
0.51 g (55%), mp 192-193° and 0.09 g (98), mp 165- 
173°, were obtained. A sample for analysis was re- 


crystallized from acetone—EtOH (2:1) to give colour- 
102) 


less crystals of 42: mp 193.5-195° (lit. mp 120- 
E222). - [0128 -55.6° (c 1, MeOH); uv max (MeOH) 296, 


238.5 nm (ec 16,000, 6,300), shoulders B07 7 e268 nm 
te =P17'700, 14 7000) Me(NaOH 83007124325 lam (e LZ 2Oo, 
ESpev0 yer (Hel) SSP Amsor, =239enm= (2 alo75005 2177300) 
6,600). 
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7-N-Benzylamino-3-8-D-ribofuranosylpyrazolo- 
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[4,3-d] pyrimidine (N-=Benzylformycin) (43s. 


eee ee ee ne 
A solution of 0.50 g (1.8 mmole) of (41) 


144) 
in 5 ml of benzylamine was stirred for 2.5 hr at 
room temperature while protected from moisture. 

The resulting solution was poured into 25 ml of ice 
cold 1 N NaOH and this solution was extracted with 


Et.,0 (5 x 25 ml) to remove excess amine. The organic 


Phase was discarded and the aqueous phase was acidified 
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to pH 5 (pHydrion paper) with 1 N HCl solution and 
extracted with EtOAc (10 x 50 ml). The combined 
Organic phase was dried over Na,SO,, filtered and 
evaporated. Coevaporation of the residue with EtOH 
gave 0.52 g (80%) of crude 43 as a yellow solid foam. 
This material was dissolved in a minimal volume Ou 
MeOH and purified by preparative thin layer chroma- 
tography on three silica gel plates (18 x 18 emu. 
After development the appropriate bands were re- 
moved from the plates and the silica gel was washed 
with MeOH (4 x 60 ml) to extract the Drodquct. Lhe 
extracts were combined, filtered through Celite and 
evaporated. The residue was dissolved in CHC1. con- 
taining a little EtOH, filtered through Celite and 
the clear filtrate was evaporated to give 0.44 g 
(02) Of 43 > as a’colouriess solid’ foam. This 
material was dissolved in 1 ml of 2 N HCl in EtOH 
and 0.34 g (50%) of 43°HC1 crystallizaed as colour- 
less granules, mp 206-209° (some decomposition). 

A sample for analysis was recrystallized from EtOH— 
MeOH (containing 2.0 equiv. of HCl) to give fine 
needles of 43°HCl: mp 206-212° (some decomposition) ; 
[a1 <° =20.6 "(Cc 0.5; MeOH)? uv max (MeOH) S077 2945 
Z25IS(SH) Sand 239 nm (211,900, 14,800, 237000 and 
6,800), (HCl) 301 and 291 nm (ce 15,500 ana L600), 


(NaOH) 305 and 243 nm (€ 10,700 and 127 500)% 
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17H y9NGO4°HC1: Srelveset. HH, 


nly NM 1G.79): Cl, 92700. Feourd: «Cc, 51392 0H $5 $31: 


Anal. Caled for ¢ 


Me 2G.49> Gl, 89920. 


6- (3-Methy1-2-buteny1) thio-9-g-D-ribofuranosyl- 
eee eee ee ee 


purine (47) 





Tojaisoiution of 1.50 g (5.3 mmole) of 6- 
thiopurine riboside (45) nS ml of DMF was ened 
ig of anhydrous KCO3 ena. S20cge( >. 5 omrole). of 
3-methyl-2-butenyl bromide. The mixture was stirred 
for 1 hr at room temperature and was then parti- 
tioned between H,O (150 ml) and EtOAc (3 x 50 ml). 
The combined organic phase was dried over Na,SO,, 
filtered and the filtrate Gvaporated. The residue 
waS partitioned between H,O (100 ml) and CHCl, (2a 
50 ml) and the combined organic phase was dried over 
MgSO,, filtered through Celite and the filtrate 
evaporated to a volume of 30 ml. This solution was 
added dropwise to 400 ml of Vigorously stirred 
Skellysolve B. The resulting precipitate was fil- 
tered by gravity and dried at 0.1 mm and room tempera- 
ture over P50. and Paraffin wax to give 1.56 g (823) 
OL colourless solid a1 ped 276° 3 [al2° 


(c 1, MeOH); uv max (MeOH) 292 nm (c 20,900), 287 nm 


tend ig 


(eh 6 20,400). (HCl) 296 nm (e 18,300), (NaOH) 295 


ninete 16; 700).; 
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Anal. Calcd for Ci 5H5QN,0,S: CHrilale20ei1N+y 


9.71; N, 15.90; S, 9.09. Found: C7 ESOT O12 heS3.66; 


NES £05; nS, 08.8382 


2-Amino-6-(3-methyl-2-butenyl) thio-9-g-D- 
Se ee ee 
ribofuranosylpurine (oo (a=Methy l-o2puteny] )=Gethto~ 


a eee 


guanosine) (48). 





Popo cOluitOneor rl 502g (5.0amnole) of 6-thio-— 
guanosine (46) in 15 ml of DMF was added 1.5 Gao tr 
anhydrous K,CO, and 0.76 g (5.1 mmole) of 3-methyl-2- 
butenyl bromide. The resulting mixture was stirred 
for 1 hr at room temperature and was then partitioned 
between H 


70 (150 ml) and EtOAc (6 x 50 HELE SO SOURS 


combined organic phase was dried over Na.sSo fil- 


Zeee as 


tered and evaporated. The residue was partitioned 


between HO (LOO ml} and CHCl 


/ 


ae) x50 m1)! Gel 
formation occurred in the first extract and this was 
dissolved by warming and diluting with EtOAc. The 
combined organic phase was then dried over MgSO,, 
filtered through Celite, evaporated and coevaporated 
with CHC13. The residual syrup was dissolved in 

S0 mls oe CHC1 4 and added dropwise to 400 ml of vigor- 
ously stirred Skellysolve B. The resulting pre- 


cipitate was filtered by gravity and dried at room 


temperature and 0.1 mm over P50, and Paraffin wax to 
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SEveses5 g(852) of 48 as a powder. Dissolution of 
this material in 30 ml of CHCl, and reprecipitation 


into 400 ml of Skellysolve B yielded 1.65 Ay 62) aoe 


48: mp 87-92°; ica aa VA (c 1, MeOH); uv max 


(MeOH) 248 nm (ce 14,600), 303 nm (e 13520095 eKHCL) 
250 Binnie ie 2,200) 327 nm (ce 11,700), (NaOH) 248 nm 
fem to200) ee 3lses Cee 837, 200) 
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CHAPTER: IT 


SYNTHESIS OF 2'-DEOXYNUCLEOSIDES AND 
ES EURO AND 


2 -DEOXYRIBOFURANOSIDES 
Pa cat ih ache tat tsaiaee et cle SS 
INTRODUCTION 


The synthesis of nucleosides by base-sugar 
coupling procedures was pioneered by Fischer and 


Helferich 4?) 


in 1914. Reaction of the silver salt 
of theophylline with tetra-O-acetyl-o-D-glucopyranosyl 
bromide yielded a glycosylpurine derivative which 
was later shown to be 7-substituted. Similar re- 
action with the silver salt of 2,8-dichloroadenine 
(49) gave, after deacetylation, 2,8-dichloro-9-D- 
glucopyranosyladenine (50). Complete dehalogenation 
of 50 yielded 9-8-D-glucopyranosyladenine (ol) Fapactia | 
dehalogenation followed by nitrous acid deamination 
and treatment with alcoholic ammonia gave 9-B-D- 
glucopyranosylguanine (52) (see Scheme VIII). 
Synthesis of the naturally occurring purine 
ribonucleosides was not achieved until Todd and co- 


workers??? 


developed the synthesis of a suitable ribo- 
furanosyl halide in 1948. Thus condensation of tri- 
O-acetyl-D-ribofuranosyl chloride with 49 gave the 


2,8-dichloroadenosine derivative, 53. Conversion of 


53 to adenosine (6) and guanosine (7) was carried out 
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SCHEME WII 
NH» NH» 
ZN N 
Ge ileo pectin PKs S-Cl + AgX 

Cl Ag Cl | 
R 

ae 50 R= Ac,Glu 

X = Br, Cl ve ST 

NH 


ol R= %-D-Glucopyranosyl 52 


ds) B)= fF -D-Ribofuranosyl 7 


Ac 
Ac 
Ac Glu = Ac Ac3R1b = ay 
Ac 
Nex INN 


in analogous fashion to that used by Fischer and 
Hel verich.. 
Attempts by Fischer and Helferich to apply their 


procedure to pyrimidines failed. Work by Levene and 


Sobotka!*®) indicated that use of the silver salts of 
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pyrimidines resulted in O> rather than Neglycosy lation. 
Hilbert and Johnson overcame this problem by the 

use of 2,4-dialkoxypyrimidines. Thus, condensation 
of 2,4-diethoxypyrimidine with tetra-O-acety1-D- 
glucopyranosyl bromide afforded the nucleoside inter- 
mediate 54. Treatment of 24 with methanolic HCl 
yielded 1-8-D-glucopyranosyluracil soir ne and 
ammonolysis of 54 using alcoholic ammonia gave 1-g- 
D-glucopyranosyl cytidine Coyne Analogous re- 
actions using tri-O-acetyl-D-ribofuranosyl bromide 
gave the naturally occurring ribonucleoside cytidine 


ste!) (see Scheme Ix), 


(8), in low yield 
A number of modifications of these basic pro- 
cedures have been reported with improved results. 


HoH) demonstrated that monochloro- 


Davoll and Lowy 
mercury derivatives of certain purines could be 
employed to greater advantage than the corresponding 
Silver salts in the Fischer-Helferich procedure. 
Also, acylation of the basic 6-amino group of adeno- 
Sine allows the use of this derivative in condensa- 
tion reactions. Thus, reaction of the chloromercuri 
derivative of 6-benzamidopurine with tri-O-acetyl-D- 
ribofuranosyl chloride, followed by deacyiation cave 


adenosine. Fox and coworkers???) 


employed dithyminyl- 
mercury in a synthesis of 9-B-D-ribofuranosylthymine. 


They also noted that use of tri-O-benzoyl-D-ribo- 
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Resi ie Ibe 
CoH. CoH 
NAA 
$6 ||he wtereR Brassey I} +E CoHe Br 
CoHs | 
SrA R = Ac, Glu 
57. R= AcRib 


5S) _R=-D-Glucopyranosyl 56 
R = 8-D-Ribofuranosyl is 


fursnOsy. chloride as* the sugar component in the con- 
densation reaction gave better yields than the 
corresponding bromo or tri-O-acetyl derivatives. 
Improved preparations of tLt-O-ocyl—ri boturanosy 1 
halides and subsequent modifications of the basic 
procedure have made the sugar-base coupling approach 
the most convenient and efficient synthetic route to 


naturally occurring ribonucleosides as well as a host 
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of analogues, 217221152-156) 


Initial attempts to adapt this general approach 
to the synthesis of 2'-deoxynucleosides were unsuccess- 
ful due to the extreme Tabulity of the poly-O-acyl-2- 
deoxyglycosyl halides. Almost Simultaneously, two groups 


Aare pales?) 


of workers discoveredithat by using blocking 


groups not normally employed, stable di-O-acyl1-2-deoxy- 
D-ribofuranosyl chlorides (58, 59 and 61) could be 


obtained. Hoffer et a1/>7) 


prepared 2'-deoxy-a and B-D- 
ribofuranosylthymine (60 and 13 respectively) in good 
yield by condensation of the chloromercuri derivative 

of thymine with 28 or 59. Anomeric mixtures of the 
2'-deoxynucleoside derivatives of cytosine, 5-fluoro- 
uracil and 5-fluorocytosine were also obtained in 


an analogous manner.??/7159) 158) 


Ness and Fletcher 
condensed the chloromercuri derivative of 6-benzamido- 
purine with 61 to give the a and 8 anomers of 2'- 
deoxyadenosine (62 and 10). Also obtained was a small 
amount of a third 2'-deoxynucleoside derivative which 
was tentatively assigned the structure 2. 2deoxy—7/-0-D— 
ribofuranosyladenine (63) (see Scheme X). Following 
this initial work, many reports of the syntheses of 
2'-deoxynucleosides and numerous analogues, by Various 
base-sugar coupling procedures, have appeared in the 
160-174) 


literature. 


In contrast to the preparations of ribonucleo- 
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SCHEME X 


7 ‘ BzNH xe ) '\ 
me ae) en aega SY 
sae, WN ee 
61 R = p-NO9CgH, CO— 
R 
(ai Bz = CeHsCO— 


NH 
2 H 
. | 
NH 
H a, H + ‘ 
N H i 
(é NheeeeZ ae 
Nw 
H NH2 63 
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Sides, which generally give rise to a Single anomeric 
product, 2'-deoxynucleoside syntheses almost invariably 
yield mixtures of both a and 8 anomers. Baker and 


coworkers! />) 


noted that condensation reactions of gly- 
cosyl halides having a 2-acyl substituent with metal 
salts of purine or pyrimidine bases gave nucleosidic 
products having only the @-Ya25€-z2éotrans configuration. 


This has been explaineat/>:176) 


in terms of neighbour- 
ing group participation by the 2-acyl*orenupeofuthe 
glycosyl halide. In the absence of the 2-acyl substit- 
uent no steric control of the reaction is in effect 

and anomeric mixtures are produced. This situation 

has been used to advantage by Khorana and coworkers! /?) 
who utilized 9-O-benzoy1-2,3-O-carbonyl-D-ribofuranosyl 
bromide, a sugar derivative not having a participating 
group, at C2, in a synthesis of the a-D-isomer of 
adenosine (which was separated from the simultaneously 


ay studied modified 


formed f-anomer). Kotick etealy 
Hilbert-Johnson condensations of a number of bis-tri- 
methylsilyluracil derivatives using the pure a-anomer 

Of 58-and»were able to control the anomeric ratio.in the 
products to an appreciable extent. Reaction, under 
conditions in which the trimethylsilyl chloride pro- 
duced during the reaction was azeotropically removed, 


yielded the 8-anomer as the predominant product. Con- 


versly, addition of trimethylsilyl chloride to the 
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reaction mixture gave predominant o-anomer formation. 
Modification of preformed ribonucleosides is 

another technique that has been used in the synthesis 

of deoxynucleosides. However the 2'-deoxy isomers 

are usually the most difficult to obtain and techniques 

that have been developed for their Synthesis are not 

generally applicable. The first reported synthesis of 


JE TESD) 


a 2'-deoxynucleoside was by Brown etedal. They 


found that treatment of 5" -O-acety1-2'-O-p-toluene- 
Sulphonyluridine with sodium iodide yielded the 2'-iodo 
derivative. Subsequent hydrogenation and deacetyla- 
tion gave 2'-deoxyuridine and thymidine was also pre- 
pared in an analogous manner from 9-8-D-ribofuranosyl- 


180) 


thymine. These workers showed that the halogena- 


tion reaction went via an Bae eco ane 


£82)) 


derivative and Fox and coworkers subsequently 


reported high yield syntheses of 2'-halopyrimidine 
nucleosides from Dero een ee nar mnidiaee. 


Poco oe) 


Holy has employed Caen Cdanyrmuaie 


nucleosides, prepared by the elegant procedure developed 


by Sanchez and orge1, +8) in syntheses of numerous 
2'-halo and 2'-deoxypyrimidine nucleosides. Recently 
186) 


Ponpipom and Hanessian have reported a facil 
synthesis of 2',5-dibromouridine by treatment of 2',3'- 
O-benzylideneuridine with N-bromosuccinimide. This 


2 ' ; 
Keaction-again»proceeds via the OQ ,2‘-anhydro derivative 


ae 
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and the product is readily converted into 2'-deoxy- 
uridine. 

Entry into 2'=-halo and 2'-deoxy purine Hicteos 
Side derivatives is more difficult. Ikehara and 


tadal®?) 


have reported the synthesis of 8,2'- and 
8,3'-anhydro-8-mercaptoadenosine derivatives. Raney 
nickel desulphurization of these compounds yielded 
2'- and 3'-deoxyadenosine, respectively. Both Robins 


123,188) and Moffat and coworkers~89) 


and coworkers 
have prepared 2'- and 3'-halo purine nucleosides 

(which can be reduced to the deoxynucleosides) via 
2',3'-acetoxonium ion intermediates. However, the 
2'-halo derivatives are generally only minor products. 
Extensive work by Goodman and coworkers !90/191,192) 

led to a synthesis of 2'-deoxyadenosine from 3'-deoxy- 
3'-ethylthio-9-8-D-xylofuranosyladenine. Migration 

of the 3'-ethylthio residue to the 2 —posi tion, via a 
2',3'-episulphonium ion, yielded a 2'-ethylthio-3'- 
chloro derivative. Hydrolysis and Subsequent desulphur- 
ization gave mixtures of 2'- and 3'-deoxyadenosine 

with the 2'-isomer predominating. In later work 


POS) utilized alkyl i] cthio-0—D-arabino= 


Goodman et al 
furanoside derivatives in syntheses of eed oy tino 
purine nucleosides. This work will be described in 


greater detail in the Results and Discussion section 


Oiscthistchapter: 
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2-Deoxyglycosides of simple alcohols are often 
prepared by dissolution of the 2'-deoxy Sugar in 


194,195,196) This method 


alcohol containing acid. 
can, depending on the temperature, concentration of 
acid and nature of the sugar used, give rise to both 
furanoside and pyranoside products, usually as mixtures 


of a and 8 anomers. Hoffer et pyle al® 197) 


andeNesseeteal 
prepared methyl 2-deoxy-D-ribofuranoside as an anomeric 
mixture in this manner. The q and 8 anomers were 
separated by fractional crystallization as their p= 
chlorobenzoyl, p-methylbenzoyl or p-nitrobenzoyl esters. 


198,199) have used similar 


Zorbach and coworkers 
procedures in the preparation of methyl furanosides 
of some 2-deoxyhexose sugars. 

The preparation of 2-deoxyglycosides derived 
from more complex aglycones is generally carried out 
by condensation of the aglycone with 2-deoxyglycosyl 
halide derivatives, often in the presence of a metal 


196) 


Sabet -as*catalyst or aciid*acceptor: This?type of 


procedure is commonly used in the synthesis of 2'- 


deoxy nucleosides, as outlined above. Zorbach and 


U0 ye, 2 02.) 


coworkers have prepared analogues of the 


cardiac glycoside digitoxin by condensation of the 
hydroxy-steroid digitoxigenin with glycopyranosyl 
halides derived from a series of 2-deoxy sugars. Plim 


203) 


and Sorm prepared a symmetrical 1,1'-disaccharide 


ba 
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of 2'-deoxyribose, which had been found as a by-product 

in 2'-deoxy nucleoside syntheses, by similar procedures. 
The mechanism and stereoselectivityiof£ this 

type of condensation reaction, in the 2-deoxy sugar 

series, is not well defined. In some cases, reaction 

of an anomerically pure glycosyl halide with an 


Piet ni eke 200,204) 


or a hydroxysteroid has been re- 
ported to yield anomerically pure glycosidic products 
in which the aglycone has the Opposite configuration 
to that of the glycosyl halide. In other cases, ano- 


199,202) In studies on 


meric mixtures were obtained. 
the methanolysis of a series of anomerically pure De 
arabinofuranosyl halides having a nonparticipating 


IVEY, have con- 


group at C-2, Glaudemans and Fletcher 
cluded that the anomeric configuration of the products 
is not directly related to the COni guration ot the 
glycosyl halide. However, due to the presence of the 
2-substituent in these compounds, this study cannot be 
directly related to the 2-deoxyqlycosyl halides. In 
the absence of similar studies in this series, it is 
not possible at present to determine the applicability 
of this procedure to stereoselective 2-deoxyglycoside 
synthesis. 

Anomeric mixtures of 2-deoxyglycopyranosides have 
been prepared from the corresponding glycal derivatives 


by treatment with an alcohol in the presence of an acid 
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195) 


Catalyst. In a related reaction, oxymercuration of 


glycals in the presence of an alcohol, followed by 


sodium borohydride reduction of the resulting 2-mercuri 


glycoside, yields similar products .7?°) However, ex- 


tension of these procedures to Syntheses in the furano- 


2077205) 


Side series has so far been unsuccessful. Ring 


opening reactions of anomerically pure 2,3-anhydro- 


glycosides can be used in the preparation of 2- and 3- 


IBS yey) 


deoxyglycosides. This procedure and the glycal 


method have both been utilized in the synthesis of 
methyl pyranoside derivatives of Sugano seroung in the 


Cardiac glycosides. 799) 


In reactions of 2,3-anhydro- 
pentofuranoside derivatives the ratio of 2- to 3- 
Substituted products is dependent on the configuration 
of the alglycone and in some cases the 3-isomers are 


the only observable products, 7197212) 




















To petits 1oRYXS \qobdasos bopajot 
yd bowgi ket \ Fonenks: iB to 
Eases ork ipa st? to aotroubet | 
-x9 ,19yYoWOH (808. atouboug ateeied | 
“Guus Gs ss aeagdtaye ov coupaseng beara Remained 
(805.5 0% todas esosua ny iged Bet! og end eaktee Obie 
= bydns= £,% ectut arena ao) ‘etoteees gekasgo « 
He %¢em 2S Be ‘noLdexeorg sid at peau ad ngo eohtwomyte. 
Esovir ond ban ox nesomet abett = 281 gokaboytyyxosh 


m5 
tae 


id atesdtnye =e it hos lieas, aod ddod eyed bode « 
sit fi Have? aYapiis so davidivings ebhecneme: dvdamar 
qubyias-£.S 20 SotioBex it (POS coppeoogly ontbaso) 
~F ‘ot <:=8 to eldest one aov id sy inal sbhaometarbosiied ” =) 
xuplanos Sit no JaeneSes Oh we stovbera hesud bpadiim --—- 
gi6 etomorr-e pds soe gator stk Sue snpoyl ets was 10 


a ae sou shssirsoane ktm a 


; a. 





pid 










‘ 


RESULTS AND DISCUSSION 


The object of the work described below was 
the development of a stereospecific synthesis of B- 
2'-deoxynucleosides. 1,2-Anhydro Sugars have been 
used for the stereospecific synthesis of glycosides 


Nnavaing a C-1—C-2 trans configuration, 71?) 


Re- 
cently the intermediacy of a 1,2-anhydroribofuranose 
derivative (64) was postulated in the preparation of a 


a number of 8-L-ribonucleosides (65) aa) 


(see Scheme 
XI). We had visualized utilization of a 1,2-epi- 
Sulphonium ion (67) in the preparation Ohe2 alkyl 
thio nucleosides in an analogous manner. The route 
envisaged involved preparation of an ay iOreany) 
1-thio-aq-D-arabinofuranoside (66) suitably derivatized 
for generation of the 1,2-episulphonium ion (Om) 2 
Condensation with purine or pyrimidine bases would then 
yield 2'-alkylthio-ribonucleosides (68) having the g- 
anomeric configuration (see Scheme XI). Similar 
reactions with simple alcohols would be expected to 
yield B-glycosides (69). Subsequent desulphurization 


and deblocking would convert these products (68 and 69) 


into §-2'-deoxy nucleosides and 2-deoxy-8-D-ribofurano- 
side derivatives, respectively. 


5) 


In 1959 Goodman and coworkers” proposed the 


use of a. 1,2-episulphonium ion intermediate such as 
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67 in 2'-deoxynucleoside syntheses. They also re- 
ported initial work in the development of a precursor 
to 67 (66; R = benzoyl, X = hydroxyl, R, = ethyl). 

In a related paper, published in 1971 after this work 
was commenced, these workers reported the synthesis 

of some 2'-alkythio nucleosides using compounds re- 
lated to 66 as intermediates.1?3 However, the procedure 
employed involved conversion of 66 to a 2-alkylthio- 
1-O-acetyl derivative (70), involving a 1,2-migration 
of the alkylthio group via the 1,2-episulphonium ion 
(Oi ree Ch lLorinationgot 70 at C-1 followed by con- 
densation with purine bases yielded Dena iy dthioO 
nucleosides (71) as anomeric mixtures. In one experi- 
ment (70, Ri = benzoyl) nucleosidic products having 
“only the B-configuration were obtained. However, no 
attempt to convert these products into 2'-deoxy-g- 
nucleosides was reported. Also no reactions of purine 


or pyrimidine bases with the 1,2-episulphonium ion 


precursor (66) were noted. 
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’ As PREPARATION OF PHENYL AND BENZYL oa PDI eO= 
Se et let ee Se ee ee 


BENZYL-1-THIO-q-D-ARABINOFURANOSIDES. 
a eee ee = ee ee RT eS 


In order to obtain precursors (66) for the 
episulphonium ion intermediate 67, we chose 3,5-di- 
O-substituted-1-thio-g-D-arabinofuranoside derivatives 
having an unsubstituted 2-hydroxyl group (66, X = OH). 
Sulphonylation of the 2-hydroxyl group would then 
yield the desired precursor (66, X = OSO,R). We there- 
fore required an arabinofuranose derivative selectively 
substituted at either the 1 and 2- or else the 3 and 


5-positions. Goodman and coworkers had previously 


prepared 9-O-benzoy1l-1,2-0-isopropylidene-D-arabino- 


Ze) 193) 


furanose and 1,3,5-tri-O-benzoy1-D-arabinofuranose. 
We chose 1,2-O0-isopropylidene-D-arabinofuranose (77) 
which was prepared using a modification of the pro- 


eh for the synthesis 


cedure reported by Hirst et al 
(om 9-O-p-toluenesulphony1-1,2-0-isopropylidene-L-arabino- 
furanose. 

Methyl D-arabinofuranoside (72) was prepared by 
treatment of D-arabinose with a methanolic solution of 
hydrogen chloride at room temperature as reported by 


Ness and Eletohoue de 


The reaction was quenched, by 
the addition of silver carbonate, when the optical 
rotation of the solution had reached a maximum value. 


Undera theseg conditions ,+thesformationso£t —Euranoside 
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products (72) should be maximized relative to methyl 


arabinopyranosides. 718) 


Upon dissolution of the re- 
sulting syrupy 72 in acetone, a small amount (43) ‘of 
methy1-g-D-arabinopyranoside crystallized. The re- 
Maining crude 72 (95%) was used without further 
purification. 

In order to effect acetonation of 72 at the 
1,2-positions, the 5-hydroxyl group must first be 
blocked so that the sugar is maintained in the furanose 


da) accomplished this by selective 


ring. Hirst et al 
blocking of the 5-hydroxyl with p-toluenesulphonyl 
chloride in avers to yield 73 (see Scheme XII). In- 
vestigation of this reaction revealed that Gi-O=p- 
toluenesulphonyl substituted products were formed as 
woll@ase/o, inwaeratwo 1:45) respectively. A more 


convenient procedure was devised involving acylation 


OLS the S-hydroxyl) group. 


Initial investigations indicated that 72) -could be 


acylated, at low temperature, by pivalyl chloride in 
pyridine-methylene chloride or pyridine-THF to yield 

a mixture of methyl 5-O-pivaly1l-D-arabinofuranoside 
(74) and dipivalylated products. The ratio of mono to 
dipivalylation was ~4:1 as estimated by comparison 

of the O-methyl signals in the nmr spectrum of the mix- 
ture. Attempts to improve the selectivity of this re- 


action by variation of temperature and solvent mixtures, 


opi 
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by use of pivalic anhydride in place of Pivalyl 
chloride or by replacement of pyridine with either tri- 
ethylamine or imidazole were unsuccessful. However, 
reaction of 72 with only 0.5 equivalents of pivalyl 
chloride in pyridine-THF at -25°C gave an approxi- 
mately 1:1 mixture of 72 and (ameontainingGverye@little 
dipivalylated material. The mixture of 72 and 74 was 
cleanly separated by liquid-liquid extraction, and 
pyridinium hydrochloride was removed from unreacted 
72 by passage through a column of a weakly basic 

anion exchange resin. In this manner 74 was obtained 
in 91% yield, based on recovered 72, and contained 
less than 10% dipivalylated product. This procedure 
was, however, too tedious for use in repeated large 
scale preparations of 74. In this case 72 was 
acylated by 1.1 equivalents of pivalyl chloride in 


pyridine-methylene chloride at -78°C. Complete 


separa lon Of@ulireacteds/ 25m product 74 and dipivalylated 


products was achieved by a simple series of ligquid- 
liquid extractions. In this manner 74 was obtained, 
free fromedipivalyl] ated tmaterralpmants 33. tyieldgand a 
mixture of dipivalylated products was isolated in 18.52 
yield: 

Acetonation of the 5-O-p-toluenesulphonyl 
derivative (73) was performed as described by Hirst 


216) 


etral, (see Scheme XII). Thus treatment of Us 
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with a solution of hydrogen chloride in dry acetone 
gave a mixture of products from which the lg2ce- 
isopropylidene derivative (75) was isolated in poor 
yield by column chromatography. Similar reaction 
with 74 gave 5-O-pivaly1l-1,2-0-isopropylidene-D-ara- 
binofuranose (/6)e BCOlUmMsechromatographys«ofithe 
crude reaction product gave 76 as a syrup in ~603 
yield. This product contained a small amount of an 
impurity that migrated marginally farther than 76"on 
tle. Crystallization of 76 depended on the amount 
of this impurity present and crystalline yields in 
the range of 35-45% were usually obtained. The 
position of the pivalyl group at C-5 in 76 was veri- 
fied by nmr spectroscopy. The spectrum of J open 
DMSO-d- displayed a sharp doublet at § 5.50 which 
disappeared upon D.0 exchange. This peak can be 
assigned to the 3-hydroxyl group which is coupled 

to the C-3 hydrogen. An unsubstituted 5-hydroxyl 
group would,appear,as ay trapletaduestoscoupling) with 
the two C-5 hydrogens. 

Deacylation of 76 by treatment with sodium 
methoxide in dry methanol proceeded smoothly to give 
1,2-O-isopropylidene-D-arabinofuranose (77) in 
essentially quantitative yield. This product was 


characterized by its nmr spectrum in D.O which showed 


singlets for the two methyl groups) at § 1.57 and 1.76. 
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'The,C-l and C-2 hydrogens appeared as a pair of 
doublets at 6 6.21 and 4.89, respectively, each with 

a coupling constant of 3.8 Hz. There was no observable 
coupling between H 


and H Attempts to.carry out the 


2 34 
deacylation reaction on the crude product obtained 
in the preparation of 76 were less successful, due 
to difficulties encountered in Purification, and 
poor yields of 77 were obtained. In one experiment, 
desulphonylation of 75 was effected by photolysis in 


methanolic sodium methoxide.-19) 


However, the crude 
reaction product contained a number of minor impurities 
and crystalline 77 was obtained in poor yield. The 
procedure required for this reaction was not readily 
amenable to large scale preparations of Tide FOr tenis 
reason, and also in view of the superior results 
obtained with pivalylated derivatives, investigation 
of the use of p-toluenesulphonyl derivatives in the 
preparation of 77 was not continued. 

The next stage in the reaction sequence in- 
volved blocking the’ 3 and S-hydroxy! groups. The 
benzyl blocking group was chosen since it would be 
stable under the various reaction conditions to be 
used, but would be readily removed by hydrogenolysis. 
Addition of a DMF solution of 77 to a suspension of 
sodium hydride in DMF at 0°C yielded a suspension of 


the disodium salt of 77. A DMF solution of benzyl 
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bromide was added to this Suspension at 0°C to give 
ood Obenzy 1-12-04 sopropy 1idene-D=arabine furanose 


(78) which was isolated as a yellow syrup in quantitative 


yield (see Scheme XIII). Temperature control was 
SCHEME XU 
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Na Bn 
ig Nello 
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important in this reaction. At temperatures below 
~20°C formation of the disodium salt was extremely 
Slow, while at temperatures much above 0* C' siond fi 
cant orange colouration resulted. No impurity peaks 


were observed in the nmr spectrum of product 78 and 
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the introduction of the benzyl groups was evidenced 
by the appearance of a broad singlet at 6 7.30 
(aromatic hydrogens) and a PalweoOhesing lets-at.6 4.54 
and 4.56 (methylene groups). The mass SpecErum of 
78 showed a parent peak at m/e 370.1768 and also a 
very,.large speak at m/e 91, corresponding to tropyl- 
lium ion, which is derived from the benzyl substituents. 
All of the benzylated compounds subsequently studied 
displayed this large tropyllium ion peak. 
Quantitative removal of the isopropylidene 
group from 78 was achieved by acid hydrolysis uSing 
conditions previously employed by Goodman and co- 


5) 


workers“! in the deblocking of So -d1—-O-benzoy1—]), 2— 
O-isopropylidene-D-arabinofuranose. Compound 79 was 
isolated as a chromatographically homogenous syrup 

in 97% yield. Trimethylsilylation of 79 using hexa- 
methyldisilazane in dry benzene gave a disubstituted 
Product, whose mass spectrum was compatible with 
Structures 80. 

The final stage in the reaction sequence in- 
volved introduction of the alkyl- or aryl-thio group at 
the l-position of the-Sugar. In the preparation “of 
echy tL 3,5-di-O-benzoy1-1-thio-a-D-arabinofuranoside 


212.) 


(83), Goodman and coworkers achieved this by chlo- 


rination of 3, 39-01-O-benzoy1-D=arabinose (81) and 


condensation of the resulting l-chloro derivative (82) 
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“with sodium ethylmercaptide (see Scheme CLV Serobhinesthis, 
and Similar reactions performed in later work, 193) the 
a-anomer (83) was the highly predominant product. 

These workers explained this result in termssof parti- 
cipation by the 2-hydroxyl group. They suggested ithat, 
under the influence of the strongly basic mercaptide 
anion, the a-anomer of chloro compound 82 reacts to 
form a 1,2-anhydro intermediate, 84. The B-anomer 85, 
having the Crk -Cas Gi seconid guration) «is Ainabbe to 
form this intermediate. Ring opening of 84 by mercap- 
tide ion attack at C=1,3ermesimpdesSn—2 displacement of 


chloride by mercaptide in 85, would give only the 
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observed a-products. In the present case, problems 
were encountered in both steps of this reaction 
sequence. 

In early experiments, chlorination was 
effected by treatment of W2ewath dry HCl in methylene 
chloride over Drierite at 0°C as described by Goodman 


aie The resulting product, which was 


and coworkers. 
assumed to be a mixture of the anomeric chlorides 

86, was isolated as a yellow syrup after ia Viena tion 
and repeated coevaporation with benzene or toluene 

to remove excess HCl. Immediate condensation of 86 
with a suspension of sodium Phenyl mercaptide in dry 
THF gave low conversion to the a-l-phenylthio product 
87 (see Scheme XV). Pure 87 was isolated in 243% 

yield by column chromatography. A similar condensa- 
tion carried out in the presence of a two fold excess 
Of benzemethiol gave the anomeric Beproduct 488) Van 

19% yield. These two products (87 and 88) migrated 
ditrerentily one ticuand® it’ wasu observed that each of 

the above condensations gave mainly one of the anomeric 
products (87 or 88), depending on the conditions. 
Assignment of the a and B-configurations LOT 87 and 88 
was made on the basis of their nmr spectra’ and@ optical 
TOLations.= © The Ay Signal in the nmr spectrum of the 


a-anomer (87) appeared as a broad Singlet at 6 5.50. 


Expansion of this peak gave a poorly resolved triplet 
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Seis leaVite, NAVE 
nh Bn 
7 HCl : 
“Tbe Rel NaSCcH 
Viwode Sens: CgHs 
Bn Bn 
86 
CH30H NaSCgHs / 
BaCO, CeHs SH 
Bn Bn CgHs 
OCH3 H 
Bn Bn 
89 88 


with a coupling constant of ~0.65 Hz. In the 8-anomer 
(88) the Hy Signal appeared as a Sharp doublet at 
O34 2e wi thea coupling constant of 3.0 Hz. The very 
small coupling observed for H, in 87 is consistent 
with the Cal—C-2 trans configuration assigned to this 


compound. “29) 


2211 ) 


Application of Hudsons rules of iso- 
rotation to 87 and 88 gives the same asSignments 
and good qualitative agreement with the specific rota- 
tions of other alkyl l-thio-D-arabinofuranosides is 
observed (see Table V). 


In view of the poor yields encountered in the 


combined chlorination-condensation reaction sequence, 
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TABLE V 
Optical Rotations of Some hea ¢ a ead 


Arabinofuranoside Derivatives 


1-Thio-D-arabino- Anomeric Specific 


furanoside derivative Configuration Rotation@) 





Phenyl S7e-01-0— 
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-and also of the unexpected preferential formation of 
the S-anomer under certain conditions, a more detailed 
investigation of the reaction sequence was undertaken. 
The chlorination reaction (conversion of 79 to 86) 
could not be assayed directly by tlc as 86 was rapidly 
hydrolyzed during the chromatography. However, addi- 
tion of 86 to a suspension of barium carbonate in 
methanol gave immediate conversion of 86 to the stable 
methyl glycoside, 89. Thus, treatment of aliquots of 
the chlorination reaction in this manner and tlc of the 
resulting 89 was used to assay the formation of 86. It was 
found that conversion of 79 to 86 was complete within 
15 minutes. However, repeated evaporation during the 
work up procedure caused conversion of the majority 

of the chloro product (86) to a material that migrated 
Slightly faster than 89 on tlc. Upon reaction of 

this mixture with sodium phenyl mercaptide, the re- 
maining 86 was converted to 87. In one experiment, 
after column chromatographic isolation of 87, continued 
elution of the column gave partial separation of a 
number of by-products observed in the reaction. These 
were tentatively identified as polysaccharides on the 
basis of their complex nmr spectra and the appearance 
of unusually high molecular weight fragment ions in 
their mass spectra. Also, the ultraviolet spectra of 


these by-products uniformly showed an absorption 
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- Maximum at ~ 248 nm, which is characteristic of the 
phenylthio substituent. However, those by-products 
eluting more Slowly from the column had much reduced 
absorbances compared with that of 87. This would 
occur in higher molecular weight di or trisaccharides 
containing only one phenylthio residue. 

The above observations might be rationalized 
in the following manner. If it is assumed that the _ 
chloro product 86 is highly reactive, self condensation 
could take place to produce 1,2'-linked disaccharides 
Such as 90 during concentration of Solutions of 86 (see 
Scheme XVI). Further condensation could lead to higher 
polysaccharides and eventually reaction with sodium 
phenylmercaptide would give the S-phenyl terminated 
polysaccharide products presumably observed. 

As mentioned above, when mixtures of the 
presumed polysaccharide by-products and 86, from which 
the majority of the hydrogen chloride had been removed 
by repeated evaporation, were condensed with sodium 
phenyl mercaptide the remaining 86 was converted pre- 
dominantly to the a-l-phenylthio product (o7)mandgonly 
small amounts of the f-anomer (88) were observed on 
tlc. In contrast, when the condensations were carried 
out in the presence of excess benzenethiol the re- 
maining 86 was converted mainly to the 8-product (88). 


Thes Ds consistant with the assumption that’ the 1- 
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SCHEME XVI 





chloro sugar (86) that remains after repeated evapora- 
tion is largely the a-anomer (a-86, see Scheme XVI). 
Reaction of a-86 with sodium phenylmercaptide, in the 
absence of benzenethiol, could proceed via the 1,2- 
anhydro intermediate (91) to give the a-anomer (Sm 
Alternatively, in the presence of the acidic excess 
benzenethiol (which is completely soluble in Aadays 
contrast to the mercaptide salt), simple S54 displace- 


ment of chloride in a-86 by thiol or mercaptide 
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to yield the 8-1l-phenylthio derivative L065) comld 
predominate. 

In subsequent preparations, solutions of 86 
were not evaporated to dryness during the work-up 
procedure. In this way little decomposition was 
observed, but solutions of 86 remained appreciably 
acidic even after repeated dilution with and partial 
evaporation of large volumes of benzene. Reaction 
of such solutions of 86 with sodium phenylmercaptide 
gave mainly l-phenylthio products (87 or 88) and 
only small amounts of presumed polysaccharide by- 
products. However, tlc comparisons showed that the 
major product was invariably the g-anomer (88) and 
only minor amounts of the desired o-anomer (87) were 
formed. This result could be due to neutralization 
of the sodium phenylmercaptide by excess acid present 
and direct displacement of the a-chloro as discussed 
above. Attempts to neutralize solutions of 86 before 
use by treatment with barium carbonate were unsuccess- 
£ul and hydrolysis to 79 as well as polysaccharide by- 
DECOUCUscOlLMa ton Occurred. 

It was considered that use of a more strongly 
basic mercaptide derivative might enhance formation of 
the postulated intermediate 1,2-anhydro derivative Loi) 
and therefore give better yields of a-anomeric products. 


AGCOLOIiOwy ,ekeackLon. of a solution of chloro-sugar 86 
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with a suspension of 2 equivalents of sodium benzyl- 
mercaptide in THF gave benzyl 3,5-di-O-benzyl-1-thio- 


a-D-arabinofuranoside (92) in 70% yield after column 


Bn 


chromatography. This material was obtained as an 
analytically pure syrup and the nmr spectrum indicated 
the presence of only one anomer. The high positive 
rotation observed (see Table V) was compatible with 


assignment of the a-configuration to 92. 
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. BS REACTIONS OF BENZYL AND PHENYL op 54DEs0-BENZYL- 
nome eee ee ee ee ee Mr aT PE sl et 


2-O-METHANESULPHONYL-1-THIO-o.-D-ARABINOFURANOSIDE. 


a ee ee ee 


In order to induce formation of 1,2-episulphonium 
ion intermediates such as 67 (Scheme XI), derived 
from the l-thio derivatives 87 and 92, the 2-hydroxyl 
group of these compounds must be functionalized to 
provide a good leaving group. Accordingly, 87 and 92 
were treated with methansulphonyl chloride in pyridine 
PURO0Stot-5°C (seesScheme XVEP) Srethe 2-Vsmethane= 
Sulphonyl derivatives (93 and 94) were obtained in 
essentially quantitative yield. The 1l-benzylthio 
product (94) was appreciably more labile than the 1- 
phenylthio derivative (93) and was invariably con- 
taminated with a trace of material that migrated 


monveastowlyfonFtican Both 93 and 94 gave good nmr 
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_ Spectra and were used immediately in subsequent re- 
actions without further purification. Introduction 
of the methanesulphonyl group was verified by 

the appearance of a band at 1182 cm in the in- 
frared spectrum of 94. 

Formation of 1,2-episulphonium ion inter- 
mediates (95) from 93 or 94 via displacement of 
methanesulphonate by the trans thio substituent at 
C-1 is now possible. Attack of a suitable nucleo- 
Phile at C-1l of 95 could then produce 2-alkylthio- 
B-glycosides, as discussed above. Preliminary 
investigations were carried out with the l-phenylthio 
derivative (93). Treatment of 93 with excess n- 
propanol, in either DMF or acetonitrile as solvent 
“at ~60°C, gave moderate conversion to a product that 
migrated faster than 93 on tle. The mass spectrum 
of this product was consistent with the formation 
of n-propyl glycosides (96 and/or 97). Chromatog- 
raphy in a different solvent System revealed the 
presence of three major components. Preparative tlc 
resolved isomeric n-propyl derivatives which were 
tentatively identified as n-propyl 2-phenylthio- 
3,5-di-O-benzyl-2-deoxy-8 and a-D-ribofuranoside (96 
and 97, respectively) (see Scheme XVIII). The anomeric 
hydrogens of 97 and 96 gave rise to doublets in the 


nmr spectra with coupling constants of 4.75 Hz and 
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BC ieMEs sx VII 
Bn Bn Et 
BLO Lian 99 
CH3CN/ BaCO3 —— 
Hs 
Bn Bn CgHs 
93 KO SKS) 
ORES 
Bn nPro Bp Bn 
7 + 
i n-Pr 
Bn CgHs Bn CoH. Bn CeHs 
els) She 98 
Ets CH3CH)— 


n-Pr = CH3CHCHy— 


2.3 Hz, respectively. The thira component, which was 
isolated and identified in a Subsequent reaction, 

had mass and nmr spectra consistant with the 2-phenyl- 
thioglycal structure, 98. A singlet at 6 6.88 in the 
nmr spectrum of 98 was assigned to the C-1l hydrogen 
and indicated that the Phenylthio group was shifted 

C6, C-22) “Compound 98 could arise by nee vOUBne tee OL 
the episulphonium ion, 95, at C-2 with concomittant 
cleavage of the C-1—S bond. Formation of a related 
Ppyranoside 2-benzylthioglycal, via a 1,2-episulphonium 


ion, has been reported by Goodman and coworkers. 1/93) 
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Methanesulphonic acid is a by-product in the 
above reaction and the reaction mixture becomes 
appreciably acidic. It was possible that formation 
of the a-anomer (97) resulted from an acid catalyzed 
anomerization of the initially formed 8-anomer 
(96). Addition of barium carbonate to such reactions 
prevented accumulation of excess acid and gave 
colourless reaction products. When 93 was reacted 
with ethanol in the presence of barium carbonate, the 
B-glycoside (99) and the glycal (98) were the 
observed major products. The corresponding a-anomer 
of 99 was not detected in this reaction. These 
experiments indicated that stereospecific synthesis 
of 2-phenylthio-§-glycosides was possible by this 
route. Due to the difficulties encountered in the 
preparation of the l-phenylthio derivative C37) Fat 
further reactions in this series were explored. 

Reaction of the l-benzylthio derivative (94) 
with ten equivalents of ethanol in acetonitrile at 
60°C in the presence of barium carbonate gave good 
conversion to a product that migrated faster than 
94 on tlc. Reaction was complete within 17 hours 
and preparative tlc gave a 73% yield of syrupy ethyl 
2-benzylthio-3,5-di-O-benzy1-2-deoxy-8-D-ribo- 
furanoside (101). Similar reactions with methanol 


and iso-propanol gave the methyl and iso-propyl SDS 
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glycosides (100 and NO 322.108 0:35 Zande73 thyields ; 
respectively (see Scheme XIX). In each case a minor 
product was observed in the reactions which migrated 
marginally faster than the glycosidic products on 
tle. In one instance this product was isolated in 
~1% yield and was subsequently identified as the 


2-benzylthioglycal (103). 


SCHEME XIX 
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The nmr spectra of 100-102 were sharply defined 
and indicated that these glycosidic products were 
anomerically pure. Introduction of the aglycone (methyl, 
ethyl or iso-propyl) was evident from the appearance of 
characteristic signals for these substituents and loss 
of the mesyl function (singlet at 6 ~2.8) was apparent. 
The position of the benzylthio substituent at C=2-was | 
indicated by the marked (~0.8 ppm) upfield shift of 
the signal assigned to the C-2 hydrogen. The C=] 
hydrogen of 100, 101 and 102 appeared as a doublet at 
06459675908 and 5.22shaving Coupling constants of, 2).8, 
3.2 and 3.5 Hz, respectively. The mass spectrum of 
100, 101 and 102 each contained a low intensity parent 
ion whose exact mass corresponded to introduction of 
the respective methyl, ethyl or iso-propyl aglycone. 
Also present in each spectrum was a moderate intensity 
peak at m/e 418. This peak which corresponds to the parent 
ion minus the protonated C-1 substituent was uniformly 
observed in the spectra of all 2-benzylthio derivatives 
prepared. A corresponding peak at m/e 404 was also 
observed in the spectra of the 2-phenylthio derivatives 
(207 ean. o9 ee 

The anomeric configuration of the 2-benzylthio 
glycosides was somewhat uncertain. The relatively 
small coupling constants observed for H, in the nmr 


22 ).) 


Spectra are suggestive of the 8-configuration, but 
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the a-configuration cannot be ruled out. The specific 
rotations of 100, 101 and 102, recorded at the sodium 
D-line, were +57°, +41.5° and +41.9°, respectively. 
These values are suggestive of the a-configuration, 72) 
but conclusions are tenuous in the absence of the 
Opposite anomer for comparison. Conclusive proof that 
100, 101 and 102 have the ®-configuration was obtained 
by conversion to known derivatives of Z50COxY =D 
erythro-pentofuranoside (2-deoxy-8-D-ribofuranoside) . 
Complete desulphurization with concomitant 
debenzylation was achieved by heating DUT Om hg, 
with an 11 to 16 fold excess of Raney Nickel in re- 
fluxing ethanol (see Scheme XIX). Rapid and essen- 
tially quantitative conversion to the alkyl 2-deoxy- 
B-D-ribofuranosides occurred and 104, 105 and 106 were 
eoUraeed etn 9), 9s ana MO0e = yreldsy, respectively - 
These crude products contained less than 53 of material 
which was incompletely debenzylated. The nmr spectra 
in DMSO-d_ Showed loss of all three benzyl residues 
and the appearance of a doublet and triplet, which 
disappeared after D0 exchange, confirmed the presence 
Of the 3S*and''5-hydroxyl groups’. Desulphurization to 
give the 2-deoxy derivatives was evidenced by the 
appeateanCesor CHaraCtTeEristic Mul LCIplets ato leo "tor 
the two C-2 hydrogens and also by the appearance of the 


Hy LesCiuance as a doublet. of "doublets (104 and 105) 
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(OGla striptet (106) due to coupling with the e-2 
hydrogens. 

The ethyl 2-deoxyglycoside (105) had [a1 4? 
-63.7°. This is in contrast to the value (eh) 4 + 


48.8°) reported?2?) 


for the a-anomer of 105 which 
Supports the 8-glycosyl configuration of L105 and 
therefore also of 101. The methyl and iso-propyl 2- 
deoxyglycosides (104 and 106) were converted to their 
crystalline 3,5-di-O-p-nitrobenzoyl derivatives (107 
and 108). The melting points and optical arotations 
observed for these compounds were in excellent agree- 
ment (see Experimental Section) with those reported 


by Ness et art??) 


for B-anomers prepared from 2- 
deoxy-D-ribose, and therefore the P-configurationcet 
the glycosides 100, 102, 104 and 106 is conclusively 
demonstrated. The above condensation and desulphuriza- 
tion procedure represents a Simple, relatively effi- 
cient and stereospecific synthesis of alkyl 2-deoxy-§8- 
D-ribofuranosides in two steps from benzyl 2-O-methane- 
Sulphony1-3,5-di-O-benzy1-1-thio-a-D-arabinofuranoside 
(92). 

Having shown that stereospecific attack of a 
nucleophile at C-l of the episulphonium ion inter- 
mediate (95b) was possible, extension of this type of 
reaction to the synthesis of 2'-deoxy nucleosides was 


explored. Reaction of 94 with 2,4-O-bis(trimethyl- 
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-Silyl)thymine in acetonitrile or toluene gave very 
low conversion to a Product which had uv spectra con- 
sistant with those of a thymine nucleoside. The 
major product of this reaction was the glycal L038 
The reaction of 94 with 6-chloropurine was much more 
promising. 

Treatment of 94 with 2 equivalents of 6- 
Chloropurine in acetonitrile at 60°C gave moderate 
conversion to the nucleosidic Products 109 and athe 
as well as the 2-benzylthio glycal (103) and a sugar 
hydrolysis product (111) (see Scheme XX). The re- 
action was carried out using barium carbonate as an 
acid acceptor. Unreacted 6-chloropurine was removed 
by extraction into saturated sodium bicarbonate solu- 
tion and the remaining complex mixture of products 
was separated by a combination of column chromatography 
and preparative tlc. In this manner, the 9 and 7- 
glycosyl purine derivatives (109 and 110) were isolated 
lg) Play Shetoe be yields, respectively, and the glycal 
(103) was obtained in 20.53 yield. The glycal was 
identified on the basis of its nmr and maSs spectra. 
The nmr spectrum was fully interpreted and a narrow 
doublet at § 6.38 with a coupling constant of 0.9 Hz 
Was assigned to the C-l hydrogen. A fourth component 
of the reaction mixture, which was only narrowly sepa- 


rated from 109 on preparative tlc, was obtained in 
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_~31% yield and was tentatively identified as 2-benzyl- 
thio-3,5-di-O-benzyl-2-deoxy-D-arabinose ROEDER Gileigks 
product presumably arises by hydrolysis of the epi- 
sulphonium ion intermediate (95b) by water. Acetyla- 
tion of 111 gave an anomeric mixture of the isOsageryd 
derivative (112). The nmr spectrum of crude 112 showed 
two acetyl methyl peaks, and two narrow doublets at | 
be 6.2/5ands6.18swere assigned to the C-1 hydrogen. 
Structure proofs of 109 and 110 were based 
initiallysonstheirgspectral properties. The mass 
spectra were consistent with the proposed structures 
and accurate mass determination of the parent ions 
verified the molecular formulae. Comparison of the uv 
spectra with-those of known 7 and 9-alkylated-6- 


chloropurines?*23! 7241225) 


indicated 109 and Lh0. -po=be 

9 and 7-glycosylated, respectively. The nmr Spectra 
were cleanly resolved and in agreement with the struc- 
tures assigned. However, the appearance of a second 
series of small peaks for the C-2, C-8 and C-1' hydrogens 
in each spectrum suggested that both 109 and 110 were 
mixtures of a and f-anomers. The ratio of the anomers 
was ~9:1 in 109 and ~4:1 in 110. Since f$-anomeric 
stereospecificity had been expected in this reaction, 

the major anomers were tentatively assigned the 8-con- 


figuration. The structures and anomeric configurations 


of 109 and 110 were confirmed by conversion into 2'- 
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deoxy-9 and 7-D-ribofuranosyladenine derivatives (see 
Scheme XX and XXI). 

Essentially quantitative replacement of the 6- 
chloro groups of 109 and ll0 was effected by treat-— 


ment with liquid ammoniaana’: 


9-(2-Benzylthio-3,5-di- 
O-benzy1-2-deoxy-a, 8-D-ribofuranosyl) adenine (113) was 
Obtarnedyin .982tcrudesyields feAtpunifited rsamplevof this 
material was isolated as a solid foam in 90% yield by 
préepanativestice«Thesproductwof amination fof 120 dus- 
played two components which were separated by prepara- 
tive tic. énthetma jou; beastex migrating component was 
isolated in 69.5% yield and crystallization gave 50.5% 
of 7>(2-benzy1thio-3,,5-di-O-benzy1-=2-deoxy-8-D-ribo- 
furanosyl)adenine (114). All of this material was 
subsequently used in attempted desulphurization re- 
actions and an analytically pure sample of 114 was not 
obtained. The minor component of the amination of 

110 was isolated in 15% yield as an amorphous solid 
which gave 12% of the analytically pure a-anomer feSi) 
upon crystallization. The uv spectra of these products 
confirmed the position of glycosylation. The 7-isomers 
(114 and 115) had very broad, characteristic absorp- 


EAEBS))) 


tions around 270-275 nm whereas the 9-isomer (113) 


showed a relatively narrow absorption at ~259 nm. 27>? 
Although the extinction coefficients of the 7-isomers 


(114 and 115) were appreciably reduced from that re- 
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‘pOortederor Jemethy vedere they were in very 


good agreement with those reported by Goodman and 


coworkers’??? 


for two 7-ribofuranosyladenine deriva- 
tives. 


Desulphurization and debenzylation of 113 and 


bY 


pla gave ther? -deoxynucteosides 10, 62*and 118 (see 
Scheme XXI). Attempts to effect these transformations 
by refluxing with a suspension of Raney Nickel in 
ethanol (the procedure which was highly effective in 

the desulphurization and debenzylation of the glycosides 
100, 101 and 102) \raddedgcompletely . This reaction 

was performed under both neutral and basic conditions 
and with varying weight ratios of Raney Nickel. When 

a small excess of Raney Nickel was used, minimal 
desulpliucizaeloneon lls goccurredsto  givesthe 3°,5'Rdi- 
Debenzyl-2)—deoxy (derivative, 116. Addition of further 
Raney Nickel resulted in almost complete loss of uv 
absorption due to the adenine chromophore and appearance 
OLmany NOn-uy absorbing by-preaucts on tic. Lintited 
success in the desulphurizations of 113 and 114 was 
achieved, however, when a modified procedure reported 


era) was employed. 


by Goodman and coworkers 
A solution of 113 in DMF was treated with a 15 
fold excess of Raney Nickel under an atmosphere of 


hydrogen. When this mixture was heated to ~100°C with 


an infrared lamp, rapid conversion of 113 to a product 
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SCHEME XXI 
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that migrated slightly slower than Lisson tice occurred. 
This was separated from a small amount of unreacted 113 
and other minor impurities by preparative tlc to 

yield 403 of 9-(3,5-di-O-benzy1-2-deoxy-D-ribofurano- 


Syl)adenine (116) which was largely the S-anomer. No 


| naa 
eva vY a rag — 
eo ~ te : . 3 ; | ob 





pe 


‘peaks for the a-anomer were observed in the nmr 
spectrum of 116 and the appearance of a two proton 
multiplet at § ~2.65 indicated desulphurization to 
the 2'-deoxy derivative. Retention of the 3! and 
5'-O-benzyl groups was apparent from both the nmr 
and mass spectra of 116.0°This issinicontrast to 
the desulphurizations of 100, 101 and 102 in which 
cases rapid and concomitant debenzylation also 
occurred. No debenzylation was observed in the 
present system even when the reaction was performed 
for extended periods of time. Complete debenzyl- 
ation of 116 was accomplished by hydrogenolysis using 


10% palladium on charcoal. 227) 


The resulting mix- 

ture of the § and a-anomers of 9- (2-deoxy-D-erythro- 
pentofuranosyl) adenine (10 and 62) was separated by 
column chromatography on Dowex 1-x8(OH ) anion exchange 


oa el2o) 
fesine 


The major B-anomer (10) was crystallized 

in 56% yield and was identical with authentic 2'- 
deoxyadenosine in all respects. A very small amount 
(2.2%) of the a-anomer (62) was obtained as a micro- 
crystalline solid. This material was chromatographi- 
cally identical with authentic 62 and the melting point 
of 209-212°C was not depressed on admixture with 


authentic 62, which has a reportea’28) 


melting point 
Of 212-20 3068. Cr 


Application of the procedure used above to the 
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-desulphurizationiof 114 was less successful. After 
preparative tlc, 7- (3,5-di-O-benzy1-2-deoxy-f-D-ribo- 
furanosyl) adenine (117) was obtained in but 203 yield 
and 18% of unreacted 114 was recovered. Debenzylation 
of 117 was effected as described above and 7-(2- 
deoxy-8-D-erythro-pentofuranosyl) adenine (118) was 
obtained in 82% yield. This material migrated much 
more Slowly than the corresponding 9-isomers (10 and 
62) on tle and had nmr and mass spectra consistent 
with the proposed structure. Compound 118 was extremely 
acid labile and, in contrast to the 9-isomers (10 and 
62) #*LEsouv spectruumsin Oe]. N HCl corresponded to the 
characteristic absorption of adenine. The spectra 

in alcohol and-base are, however, consistent with 
those reported for other 7-glycosyladenine deriva- 


ee 


The S-configuration was initially assigned 
to 118 and this was supported by comparison with the 
corresponding a-anomer (63) which was reported by 


Ness and Pletcher. > 


These workers report mp 153- 
L5o°Creand [a], +7 for 63. These values may be con- 
tLasteeoe wre the mp 2. 2 ono’ Ceand [a], ~-74° present- 
ly observed for 118. Therefore 63 and 118 must be 
anomerically related compounds and consequently 118 
must) have the B-configuration. 


In conclusion, the present work has demonstrated 


the viability of the use of 1,2-episulphonium ion 
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intermediates related to 95 in the synthesis of 2- 
alkylthio glycosides. Reactions with alcohols can 

be effected stereospecifically and efficient prepara- 
tions of alkyl 2-deoxy-8-D-ribofuranosides have been 
developed. The reaction with 6-chloropurine, although 
not stereospecific, gave a high degree of stereo- 
selectivity and §f-anomers were the Major = produces. 
Transformation of the resulting 2'-alkylthio nucleo- 
Sides into 2'-deoxy nucleosides is dependent on the 
rather unpredictable efficiency of the desulphuriza- 
tion process using Raney Nickel and low Overall =yilecids 
of 2'-deoxy nucleosides were obtained. This work has 
resulted, however, in the first reported synthesis 

of 7-(2-deoxy-8-D-erythro-pentofuranosyl) adenine (118), 
which is the 7-isomer of naturally SCCULLANG? 2..— 


deoxyadenosine (10). 
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EXPERIMENTAL 


A. GENERAL PROCEDURES 

Melting points were determined on a Reichert 
microstage apparatus and are uncorrected. Nuclear 
magnetic resonance (nmr) spectra were recorded on 
Varian HA-100 or A-60 spectrometers with TMS as the 
internal standard unless otherwise stated. Peak 
assignments were verified and, in some cases, in- 
dividual coupling constants were determined by spin- 
spin decoupling experiments. Ultraviolet (uv) spectra 
were recorded on Cary 15 or Pye Unicam SP’'1700 spec- 
trometers. Solutions were prepared by diluting a 
1 ml or, in cases where solubility problems were 
encountered, a 5 ml sample of an accurately determined 
stock solution in MeOH to 10 ml with MeOH, 0.1 NeHCL 
or 0.1 N NaOH. Optical rotations were determined on 
a Perkin-Elmer model 141 polarimeter using a 10 cm, 
1 ml microcell. Mass spectra (MS) were determined by 
the mass spectrometry laboratory of this department 
on AEI MS-2, MS-9 or MS-50 instruments at 70 eV. 
Sample introduction was via a direct probe at tem- 
peratures between 120 and 230°C. Relative intensities 
and identities of mass spectral ions are quoted in 
parentheses following the m/e value. All benzylated 
compounds had a very high intensity peak at m/e 91 


and in these cases a lower intensity peak was chosen 
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as the mass spectral base peak. Elemental analyses 
were determined by the microanalytical laboratory of 
this department. 

Thin layer chromatography (tlc) was performed 
on Eastman chromatogram sheets (silica gel No. 13181, 
indicator No. 6060) or on glass plates coated with 
Merck silica gel GF-254. Developed chromatograms 
were evaluated under uv (2537 A) light or were 


Sprayed with a 5% solution of H.,SO, in EtOH and heated 


pot | 
on a hot plate. Preparative tlc was performed on 
glass plates coated with Merck silica gel PF-254. 
Product containing bands were removed from the 
plates, packed in short columns and the product 
eluted from the silica gel using a suitable solvent 
mixture. Silica gel column chromatography was per- 
formed *on “J s*l Baker "No 463405) silica “gelor "Gébr. 
Herrmann Kieselgel. Evaporations were carried out 
using a Buchler rotating evaporator with a Dry Ice 
cooled Dewar condenser under aspirator or oil pump 
vacuum, at 40°C or less. The term coevaporation re- 
fers to the process of ‘dissolution ah and ‘evaporation 
of the solvent indicated. The weights of syrupy 
products for which a percentage yield is quoted have 
been corrected for the weight of solvent remaining 
in the syrup, which was estimated from the nmr spectrum. 


Pyridine and tetrahydrofuran (THF) were dried 
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by refluxing over and then distillation from calcium 
hydride. Dimethylformamide (DMF) was distilled at 
reduced pressure from either Phosphorus pentoxide or 
barium oxide. Acetonitrile was distilled from phos- 
phorous pentoxide and methanol was fractionally dis- 
tilled. Acetone was refluxed over potassium per- 
manganate and then twice distilled from anhydrous 
calcium sulphate (Drierite). The above solvents were 
stored over Linde 4A molecular sieves (dried at 
200°C). Benzene and toluene were dried Over sodium 
wire and methylene chloride was distilled and stored 
Over calcium chloride. All other eee used were 
of reagent purity and were used without purification. 
Pivalyl chloride, methanesulphonyl chloride and 
benzyl bromide were purified by? distillation prior 
to use. Hydrogen chloride was dried by passage 
through concentrated sulphuric acid and then Drierite. 
Hydrogenations were carried out at room temperature 
in a stainless steel bomb filled with hydrogen at the 
pressure specified and were stirred Magneticallyes: The 
catalyst used for hydrogenations was Matheson, Coleman 
and Bell 10% palladium on charcoal. Raney Active Nickel 


Catalyst (No. 28) was purchased from W. R. Grace*fana: Co. 
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‘Bs SYNTHESES 


Methyl D-Arabinofuranoside (72). 





To 100 g(0.67 moles) of D-arabinose suspended 
in 1.5 2 of dry MeOH was added 500 ml of MeOH con- 
taining 9.0 g (0.26 moles) of dry HCl. The Peosuleing 
mixture was stirred magnetically and an homogenous 
solution was produced after 7 hr. After 23 hr, 
when the optical rotation of the solution had reached 
a maximum value, 50 g of Ag,CO3 was added and stirring 
was continued for a further 2 hr. The mixture was 
filtered through Celite, the filtrate was evaporated 
and the residue was dissolved in MeOH. Celite and 
charcoal were added to this solution and the re- 
Sulting mixture was stirred overnight. Filtration 
through Celite removed remaining silver salts and the 
filtrate was evaporated to yield crude Wy ARaSear ye blow 
Syrup. This material was dissolved in 500 ml of 
acetone and, after seeding, 4.30 g (4%) of methyl f-D- 
arabinopyranoside crystallized as yellow granules: 


24 


mp 166-168°C; [a]), 18) 


=Z2V55 Qc pl; MeOH)? Reported *- 


Mp 169 %¢; [a], =2A2e . = = Thermother=liquor’trom the 


crystallization was evaporated to yield 103.7 g (9538) 


of crude 72 as a pale yellow syrup: [a]-" +53.8° 


(E5220 77) MeOH); nmr (D.0, UMS eek Ledaie\) on 5 ety Om orn | 
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i the ratio of a to $-anomers was 


~2:l1, respectively, as determined from the nmr spec— 


Tee er 2s aes 


La @bhie 


Methyl 5-O-p-toluenesulphony1-D-arabinofurano- 





si den(/3o))and 5-O-p-Toluenesulphonyl-1,2-O0-isopropylidene- 
toe ES er ee ee ee ee eee 


D-arabinofuranose GL) 





The title compounds were prepared from 72 in 


the manner described by Hirst et AleEee 


Crude 75 was 
obtained as an orange syrup. Purification of this 
material by chromatography on a silica pet column 
developed with CHC1,—Me0H (96:4) gave an overall yield 
Oftlo2. of 75Gas-a:coloirless.solid.acRecrystallization 
from CHC1.—-pentane yeeldecGcolourléssmneedlésto& 75: 


mp. 124-126°C; nmr. (CDCL —D,0) OMnlese wri42nis , esis; 


S 
85 C(CH,) 5), 2250 (s, BY CoH,CH3), 4.254635 (m, 4, 





H3: Hye Hes He'), 4e59e(dy Joy SOSeSGHzZ7 1; Ho), Sad 
(ds Jj he. 26H27 el; Hi). 7.64 (AB quartet, 4, CoH,)- 
Reported: -1®) mpelso0°Gs 


Analeogatecd for C1 5H59078: CF S2a3bpelyud. 85; 


Gpeienl.(2Founds eC} 5la95ngH?. 5686; (Sh. 9837< 


Methyl 5-O-Pivalyl-D-arabinofuranoside (74). 





(a) Using 1.1 equivalents of pivalyl chloride: A 


SOdtiusOn vOLeZ20./59q) (0Vl26 moles) of 72) in 100 ml or 
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dry pyridine and 300 ml of dry CHCl. was stirred 
magnetically and cooled to -78°C. To this solution 
was added dropwise, over a period of 2.5 hr, a solu- 
boon Of6)6560gG.(0-138emoles) ¥of pivalylichloride in 
100 ml of CH,Cl.. The resulting mixture was stirred 
a further 0.5 hr at -78°C and was then poured into 
500 ml of vigorously stirred HO. The organic phase 
was Separated and the aqueous phase was extracted 
with CHCl, (3 x 100 ml). The combined organic phase 
was evaporated and the residue was coevaporated with 
toluene (3) x 100) ml )ejito yield a yellow syrup of crude 
74. The syrup was dissolved in 300 ml of pentane— 
Et.,0 (2:1) and the resulting solution was extracted 


Wi Chie. O—Me0h (73 3 005ml). “The aqueous phase was 


2 


extracted with pentane—Et.O (2:1, 60 ml) and the 


2 
organic extract was combined with the original pentane— 
Et,0 solution. The combined organic phase was then 
subjected to two further repetitions of this pro- 
GCeduLe. es lhe resultingeorganic solution contained: only 
dipivalylated methyl D-arabinofuranoside derivatives 
and waS evaporated. Coevaporation of the residue with 
acetone a7 exeL00 ml) syitelcede] .66.0 (18252) mor the 
dipivalylated material as a pale yellow syrup. 

The combined aqueous phase from the above 
extraction procedure was diluted with 100 ml of HO and 


extracted with CHCl. (8x J5 °ml) 2 § The combaned 
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organic extracts were evaporated and the residue was 
coevaporated with acetone (3 x 100 ml) to yield 


19.84 g (63%) of chromatographically homogenous (tlc, 


CHC1],—MeOH, 95:5, Re ~ 0.2) 74: [a]** +42.6° (c 1.9, 
CHC1,); nmr (CDC1,—D,0) 6 1.24 (s, 9, C(CH,),) 3.35, 

Si eke (s, S, oF a,B-OCH,), 4.84 Gd. ve ei Loe? HZ, a-H,), 
5.05 (d, J, _, ~ 4.3 Hz, B-H,), (DMSO-d,) 6 5.24, 5.35 


Co: Cee A5.001,, 4 tome ze 2-0; S=OH i emsitm/e w2.17;.1076 


CQ2977TM—OGH calcdsiongC #0 27,90 76 Je, £37) 00; 


if ogi oe 
+ 
(CH) ,C )is 
(b) Using 0.51 equivalents of pivalyl chloride: A 


SOluic OneOte2 Wong Url ocemoles) mol 72 in 100 ml of dry 
pyridine and 250 ml of dry THF was stirred magnetically 
BntmcOC. COselLom—2>- Crm lOetiiis. solution, a SOlUutIOn. Of 
8245 ¢g (0.070 moles) of =pivalyl chloride in dry THF 

was added dropwise over a period of 2.5 hr. The re- 
sulting suspension was allowed to warm to room tempera- 
ture and-was-stirred—for-—a_further—1_hr....The reaction 
mixture was then poured into 500 ml of H,O and 200 ml 
of Et,0 was added. The organic phase was separated 

and the aqueous phase was extracted with Et,0 (3 x 


200 ml). The combined organic phase was washed with 


H,O (100 ml) and the aqueous wash was extracted with 


2 
Et,0 (50 ml). The combined aqueous phase was evapo- 
rated and an aqueous solution of the residue was 


applied to a column (4.8 x 40 cm, 700 ml) of IR-45(OH ) 
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‘weakly basic anion exchange resin. The column was 
eluted with HO and ‘the eluateifromy350 tos1250%ml 
was collected and evaporated. Coevaporation of the 
residue with EtOH and then with acetone gave 11.80 g 
(54%) of unreacted 724 aseaesyrup. 

The combined organic phase from the above 
extraction procedure was dried over Na,SO,, filtered 
and evaporated. The residue was coevaporated with 
toluene (4 x 100 ml) and then with Et,0 (2oxmlODBmL) . 
The residue was then dissolved in Et,0, the resulting 
Suspension was filtered and the filtrate was evapo- 
rated to yield 13.77 g (91% based on the amount of 
72 srecovered) sofacrude 75 as a pale’ yellow syrup. 


A singlet at 6 3.30 in the nmr spectrum of crude 75 


waS assigned to the OCH, resonancerof dipivalylated 





Material and indicated <10% of dipivalylation. 


5-O-Pivalyl-1,2-0-isopropylidene-§-D-arabino- 





furanose= (/0)+ 


ASSOLUCTON CL.) Cmts wemimMo Les) ©Or 74 in 
400 ml of dry, alcohol free acetone containing 3.0 g 
(8.2 mmoles) of dry HCl was stirred magnetically while 
protected from moisture by a Drierite drying tube. 
Powe Gee Otis. Uae Ot BaCO, was added and stirring 
was continued overnight. The neutralized solution 


was filtered through Celite and the filtrate was evapo- 
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rated to yield a dark yellow syrup which was coevapo- 


rated with CHCl,.- The resulting syrup was dissolved 


in 10 ml of CH,Cl,—MeOH (97:3) and applied to a 


2uee 
column of° 700% g¥of%silica*gel (5244x168 cm) packed 


in the same solvent. The column was eluted successively 


with CH.C1.—MeOH ESOS She sed OF CH.C15—MeOH (OO: 47, 


LOL), CH,C1.,—MeOH (95259 8 By, CH,Cl. 


1k) and. GH —MeOH (91:9, 1 &) at a. flow rate of 


=—MeOHs (9337, 
aGd 
20-20 mi/min. (ihepeitiate £fromi2825 to, 2625.ml.was 
collected, evaporated and coevaporated four times with 
Et50 to yield 9.06 g (46%) of 76 as a pale yellow 

37 MeOH , O58. 5% Rp ~ 


0.35) contained a trace amount of an impurity material 


SVGuUP me, Liisa materia) al tl o,e CHCL 


(Rp “206 45) seer vsitea llization, from Et,0—pentane gave 
6 Oem). Jo) Ole Du CCey Onion LOngsnecdles,. mp. 5h—-5e°C. 
Thescoluniecluates trom. /00st0OL1825 mil gaye,a further 
Je Onesie oe Ole 6 Which contained a greater amount 

of the Ry O.45eamMpUraty.95 Clystallization gavesl.d3 g 


(63) SOta pure. /SnetPeoops (ACA ktOtal vield of crystalline 


rt au . ; id 
A164 15 41,053). lolp Tb One a Cod., CHC1 3) ; nmr (DMSO de) 
See ar Soe Oa C(CH3) 3), Liu jetoe (S ,eS* 3, 2.3% 
C(CH,) 5), 3. 95—~42 25 ite 4, H3, Hy, He, Het) s Asad td, 
J5_4 ee ae 7 eee lag H,) 5. 5 Ome Jou-3 ee Oe Zemely eo Ol) i, 
pen ey ey aia Ji 9 = 39. Hie le Hii msamfe.274 (0.36;an) > 


+ 
2594(53., M-CH3), 85 (100, (CH3) 3C.CO by elie ee Os, 


+ 
(CH,)C Fc 
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Anal. Calcd for Ci 3450 


Pounds, C, 56.87); Hy hao? 


@-555C, 359290 Ha 8.08. 


Gu 


1,2-O-Isopropylidene-8-D-arabinofuranose (77). 








(a) Prone -05e Eva byl, 2-O->1sopropy.idene-—p-D— 
arabinofuranose GO) iwelosatsolution of53. 10. -g5 (130 


mmoles) of sodium in 450 ml of dry MeOH was added 15.0 g 
(54.8 mmoles) of 76. The resulting solution was 
stirred magnetically while protected from moisture 
PyeceUCVerm been) iMG cibe mmm Arter 6.59 hr otic (CHC1 ,— 
MeOH, 9:1) showed quantitative conversion of 76 (Re Ss 
Oe) LO LL (Ry ~ 0.15) and 80 ml of Rexyne 101 strongly 
acid cation exchange resin, in the pyridinium form, 

was added. Stirring was continued overnight and the 
neutralized solution was filtered. The filtrate was 
evaporated and the residue was coevaporated with 

EO lucene MeO 7 (2 xel00 simnl) eand acetone (3 x 100 mi) to 
PreldelO sige (97-52) wolecrude // asta pale yellow 
solid. This material was dissolved in 50 ml of boiling 
acetone and 30 ml of Et,0 was added. The resulting 
cloudy solution was filtered through Celite and the 
filtrate was evaporated. Crystallization of the 
residue from acetone—Et.0—pentane gave 9.46 g (91%) 
Ot e// as colourless rectangular plates: mp 118=120°C; 


[a] <* TO Cum MeOH) (tint (D,0, TMS external) 
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OPl.57,S12-7614550s723}-3: C(CH3) 
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(b) From )5-O-p- Oluenesulphonyl—-1,2-O0-isopropyli— 





deve palearab noriranose (75): A solution of.0.86 g 





(2.50 mmoles) of 75 in 250 ml of MeOH containing 0.135 g 
(2.50 mmoles) of NaOMe was irradiated (quartz vessel, 
450 watt medium-pressure Hg lamp) for 1 hr at ~20°C. 


Tlc (CHC1,—MeOH, 93:7) showed almost complete con- 


3 
version of pe (Re Su05 G5) toey7: (Rp ~90 .2)m@plusominGr 


impurity products (Rp's swO25 andh0:8).seThe reaction 
mixture was evaporated, the brown residue was dissolved 


in MeOH—H.O (1:1, 40 ml) and this solution was 


2 
extracted with Et,0—pentane Cleiyies <e20tink): to 


effect removal of the Re 0.8 impurity. The organic 
phase was discarded and the aqueous phase was diluted 


withs40 mlwof H50, salted’with NaCl and-extracted with 


2 
EtOAc (10 x 30 ml). The combined organic phase was 


dried over Na,SO,, filtered and evaporated to yield 
Ons56 gat 7/52). ectocrudeay 7 astalyetiowasyrupe fCrystai- 


fizabronedromTCuCies—skeliiyvsoiveyBeqaver(2wcrops)L0eds7 g 


Ss 
(36%) of 77 as yellow granules: mp 116-119°C. 
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3,5-Di-O-benzy1-1,2-O0-isopropylidene-g-D- 
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arabinofuranose is 





In a 500 ml round bottomed flask, protected 
bysasDrierite drying tube, 7.68 g (160 mmoles, as a 
50% dispersion in oil) of NaH was washed by decanta- 
tion with pentane (3 x 50 ml). Excess pentane was 
removed by gentle warming and 150 ml of dry DMF 
was added. The resulting magnetically stirred sus- 
pension was cooled to -10°C and a solution of 7.60 g 
(40.0 mmoles) of 77 in 75 ml of dry DMF was added 
Geropwise (0.5 ne)ee stirring was Ccontanued for a 
further 1.5 hr at 0°C until the gentle effervescence 
ceased. To the resulting suspension of the disodium 
salt of 77 was added dropwise (1 hr) a solution of 
15.05 g (88.0 mmoles) of benzyl bromide in 75 ml of 
dry DMF and stirring was continued for a further 
0.5 hr at 0°C. The reaction mixture was then poured 
into 1 2 of ice water and the resulting emulsion was 
ViIgolLoustyestinred, LOLre0.o Nt. liis mLxLUre was 
extracted with Et,0 Us" xez2o0 mh) and, the combined 
organic phase was washed with HO (4 x 100 ml) and 
Securatea NaCl solution (29x, L00 ml). “The Organic 


phase was dried over CaCl filtered and the filtrate 


Dae 
evaporated. The residue was coevaporated with toluene 


(e000 ML), sacetone  (L00 ml) and Bt.O7 (3 % 100 mi). 


Z 


The residual syrup was then dissolved in Et,0 and the 
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resulting suspension (NaBr) was filtered through 
Celite. The filtrate was evaporated to yield 14.74 g 


(99%) of chromatographically homogenous (tlc, CHC1,, 
Re ~ 0.4) 78 as a pale yellow syrup: fee +20 20/2 


c 1.98, MeOH); nmr (CDC1.) CS poelem lhe LSS aS nS: 


C(CH3) 9), 3-63 (ds Jo 51_4 = 6-2 Hz, 2, Hey Het), 4.03 
(oi Doegp-we [hanes Ha)y 4424 (teofyd; J,a,o=0310-Hz, 
Drags preoicilgeelagl,yii4.54q 4,560(S,15te2, 24 


CBE ie ti alee Tek, es 


(dred este 420GHay 1, gH) 97-30, (5,110; 03+5-OCH Gan.) ; 


Fe OgHZ pel je). ned 88 


mo 4en37)0 s168u(LoeaM, mcalcdator Gah. O 


FD eP6 a5 ik 
COCH,), 279 (76, M-C_H 


3/Qek780) , 


350422, [M-GH.)aysi2 (51g M-CH 


3 spl 


ate) (Maen, Cu tele ety 


3,95D4 —O-benzy i-D-arabinoses(79.).. 


POMLAMSO sg (3992 mmoles) of 78 was added 200 ml 
of 50% acetic acid’ and 4.0 ml of ‘concentrated hydro- 
chloric acid. The resulting mixture was stirred 
magnetically and heated to 80°C. After 0.5 hr an 


homogenous solution had resulted and tle (CHC1,—MeOH, 


3 
98:2) showed complete conversion of 78 (Rp rer (ay) LO 
FS: (Re ~ 0.2). The reaction mixture was evaporated 

to low volume (~30 ml) and the resulting solution was 
coevaporated with toluene (4 x 150 ml), each time to 


low volume. The residual solution was partitioned 


between CHC1., (200 ml) and H50 (100 ml) and the aqueous 
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phase was extracted with a further 100 ml of CHC13. 
The combined organic phase was washed with saturated 
NaHCO, solutron (S0eml) 7 H,0 (3 x 50 ml) and saturated 
NaCl (50 ml), and was then dried over Na5SO,. The drying 
agent was filtered and the filtrate was evaporated 

and then coevaporated with Et50 (100 ml). The resid- 

ual syrup was treated with Et,0 (100 ml) and a gela- 
tinous precipitate was filtered using Celite. The 


filtrate was evaporated and the residue was coevapo- 


Batbedawith at. On(vexl OOM) to. yield 12.52 gq. (972) 


2 
of chromatographically homogenous 79 as a pale yellow 
syrup: [a]4* +37.1° (c 1.3, MeOH); nmr (DMSO-d,) 
6g4).95 2-5 ida, Jou-2 eCe Oa Ue 2 ye lt Ob 2 Ol), 
Gree ln 2 Ome Cay aeicliy Jou-1 cae Ome On Oe aol yet; be OR) , 
ole A'S peel, 3+5-OCH5C eH.) , (DMSO-d, —D.0) ‘oe coe 


DEO ga(diasd ayls «5 


aasia lly sample (70.030 g) tof. 7/9 was dissolved 


GiWetets 0 ze Toence, BH) - 


in 0.3 ml of dry benzene and 0.3 ml of hexamethyl- 
Gisidazane.. Aftern stirming for 3 days, while. pro- 
tected from moisture by a Drierite drying tube, the 
reaction mixture was evaporated and then coevaporated 
with benzene. The residue was dissolved in benzene 
and filtered through Celite. The filtrate was evapo- 
TALCd EOaGive, asGrude, Syrup Of 3, s-di-O[benzvl— 1) 2— 
bis-O-trimethyls ily) —-D-arabinofuranose (80): ms m/e 


ATA eterna w (lt, Liye My Calcd »foxr C55H3g0,S515: 474.2257), 
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235 (100), 91 (490, HLF. 


3,5-Di-O-benzyl-D-arabinofuranosyl Chlorrdae (200% 
ere ee eee ew eee eS ARN EES) 6 ys hha ee re 


ASSOlUutI oOnworel. 697g. (5.13 mmoles) of Woeei th 
12> ml OL dry CH5C1, Containing, 2.0 g of Drierite was 
cooled to 0°C. Dry HCl was bubbled gently <chrough 
the mixture and conversion of 79 to 86 was assayed by 
tle as follows. Aliquots of the reaction mixture 
were added to a suspension of barium carbonate in 
methanol. Neutralization of the acid was rapid and 
86 present in the reaction mixture was quantitatively 
converted to methyl 3,5-di-O-benzy1-D-arabinofuranose 
(oJ iby phiter sl > mia, at ic (CHC1,—MeOAc, 8:2) showed 
complete conversion of 79 (Ry moO -1.5 Jayt 0.38 9 (Re = 0.4). 
A small amount of crude, syrupy 89 was obtained by 
filtration and evaporation: nmr (CDC1 3) Oi Op Se 
ai a,8-OCH,), AG 2m, Ji_> = 4-5 Hz, B-H,), 4.287 (Sy 


O-H,) Tre PR AOE NO 3+5-OCH5C-H,). Pigbtreetionsol the 





chlorination reaction after 30 min gave a CHCl, solu- 
tion of 86 which produced an homogenous spot (tlc) for 
89 after treatment as described. Solutions of 86 
prepared in this manner were used immediately eee 
subsequent condensation reactions as described. 

Wien anos Liguot om the solution oF 86 was evapo- 
rated to dryness and the residual oil was successively 


coevaporated to dryness four times with toluene, 
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extensive decomposition of 86 was noted. Tlc of a 
MeOH solution of the resulting syrup showed a small 
spot for 89 at Ry ~ 0.4 which indicated that a minor 
amount (~20%) of 86 remained in the syrup. A major 
spot at Rye ~ 0.5 was presumed to arise by self con- 
densation of molecules of 86 to give di or poly- 
Saccharide by-products (90) (see Results and Discussion 


section). 


PrenyUes75—di lO -benzyt—l=thio--D=arabino= 





Puranoside (87/)r- 


TOnaeSuspensionmols0.36 q (15.0 mmoles) of NaH 
in 20 ml of dry THF stirred magnetically under dry 
nitrogen was added dropwise a solution of 1.53 ml 
Ci OCSec aslo 0 simoles pe@mebenzcnetiio0l in LO) mibiof 
dry THF. Vigorous effervescence occurred and a colour- 
less precipitate of sodium phenylmercaptide separated. 
This suspension was cooled to 0°C in an ice bath. 
Pesoluci Cn sor (06 in CH Cl 


Jue 


of 79) was evaporated to dryness and the residue was 


(derived from 7.6 mmoles 


coevaporated to dryness five times with 50 ml portions 
of dry benzene. The residue was dissolved in 20 ml of 
dry THF and the resulting solution was added dropwise 
(45 min) to the vigorously stirred suspension of 
sodium phenylmercaptide. After stirring a further 


Genveat, O-Cyrande22 Nr ati room tenperature, the 2,eaction 
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mixture was poured into 50 ml of saturated NaHCO, 
solution. Et,0 (20 ml) was added, the organic phase 
was separated and the aqueous phase was extracted 


Withecsturtniereporta one (20 -ml) Of Et,0. The com- 


bined organic phase was washed with saturated NaHCO , 


solution (2 > x 25 mi) sand lH 1G x 25 ml) and was then 


2 
dried over MgSO,. The drying agent was filtered and 


tlestlltraterevaporatedstosyiclas) crude 87 as a 
VYellowesvrnpe (37350) mele, CHC1. developed twice, 

Re ~ 0.55) containing large amounts of slower migrating 
by-products (Rp's Oo ee ano U0. 1) oe This syrup 


was dissolved in a minimal volume of CHC1. and applied 


tOszancOlumns (4.18 ex 03 /ecm, 920009), Of Silica ge] packed 


in CHCl... The column was eluted with CHCl. and the 


5 


eluate from 900 to 1175 ml was collected and evapo- 
rated. Coevaporation of the residue with acetone 


(AZexesoUeml gave 0.7590 9(242)" of Cchromatographically 


homogenous 87 as a colourless syrup: core +139 25° 
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uv MeOH) 24875 nmi (e 7,800); .msem/e 422 (7.2, M), 1313 
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Eheny) 3),5-di-O-benzyi>l=thio-8-D-arabino- 
furanoside (88). 


The title compound was prepared in an analogous 
procedure to that used above in the preparation of 87 
except that the condensation reaction was carried out 
in the presence of a 2 fold excess of benzenethiol. 
Thus, a suspension of sodium phenylmercaptide in THF 
was prepared by treatment of 0.24 g (10.0 mmoles) of 
NaH withe2.04 ml (2.20 g; 20.40.mmoles)..of sbenzenethiol. 
Treatment .ofsthessuspension wwith ;an THE ysolution,of.86 
derived £rompss0 mmalesnola/Iagave 0640.0 (19%) ,of 
88 as a colourless syrup after column chromatography. 
tie (CH,Cl5) showed ass ing lepspotpior:ss (Re m0). 4) 
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HZ; = 285 eZ 74, Be 
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3) 4419" (taoted, J TaSEBe 
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SLORY ich ap pe ae ea 


H ~§2%9 HZ, 0G. 


sign mee OulZz ely Hp), 404674461 


(ABQ, Jopy = 11-8 Hz, 2, 3 or 5-OCH,C,H.), 


(AB, Jom SpilivGtHZ,azq Shor 5-OCH,C He)» 5Ss48.id, 


Ji -9 =2500 tz ely Hi)s Tet=7 . Oalin pelo 3+5-OCH CH. and 


1-SC¢H,) i ms m/ejA22<1562 (18,.;Mye.caicd.for ConH,,0,S: 


42251552) -ywoloed9d9 M-C¢H-S), 2Z05e(100 ,e313-C HOH), 








7 


+ 
Oy 2205 CHO 2 






















-orids roeienedtser . 





buopolens ms o£ bexeqexg w= ian na a 
. iia 
C8 to nokssabqsaq sede mt aveds. bane sandy os mpeg a 4 
7 ee Fr a? 7h 


juo Hbeitxis> sew aolisseax tod seunebeod. ‘end ‘peed 
+ ny, 
Loriganessod, 20 ezscxo) Biot s s to oonaverd, ers at 


Lo 
iT of sbidqsoventynadg mrtboa, 3o gotensqeue s a 
: aT od 
to (esfomar 0.05) 9+ bS.0 ga sieeiiahaiied es Scpoin aa 
y re) SAS = 


.fotdtsaasned Yo eelonm 0,08 op of.) fon 90-6 tiga a 


12 I0 noitufos ANT 5 dyiw sotersqaus ons ag dagmasont 
to (#@L) @ 0.0 Svép 25 Ze én loa ge mozt bovtzeb 


~~ 


.ydgexpotsnoxids mutloo 45388 guaee- sxeiquotoa s es é 98 


(ALO 41) 88 rod, goge oleate = bawode td oan 2 MB 
~ ¢ _ 
if- “Atel «(kx 9h) 3S ene rosea betetpla- 
=e ; a) Bess - 
= so su )P) JEsE &. (Op (oa) ae + (oem a a _ 
€.0L.=-,, 36 .vb28-& 4 (oe st oan 8 = pagh FH Se08 ¥ a 
iS 2s La gut! (Bh Olae Theale 5228 9 yal | - 


‘o. ( 
wx tt - ty me ~~ r - 
SB Bid ooh »SH S a, zak Caen te aes 


Hod AE rest raed 





142 


Benzy P37 5=d1~—-O0=benzyial-thi6=0 =D=arabinofurano- 





Sadegia7 je. 


TO a Suspension of 0.18 g (7.5 mmoles) of 
NaH in 30 ml of dry THF, stirred magnetically under dry 
nitrogen at 0°C, was added dropwise a solution of 0.81 
ml (0.86 g, 6.8 mmoles) of a-toluenethiol in 20 ml of 
dry THF. Vigorous effervescence occurred and a colour- 
less precipitate of sodium benzylmercaptide was formed. 
PeSolutionvotssG sin CH5Cl. (derived from 3.42 mmoles 
Of, /9) was diluted with toltene (100 ml) and the re- 
Sulting solution evaporated to low volume (~10 ml). 
This solution was diluted with dry THF*(100 ml) and 
agalneevaporated to slow volume.) Dilution to ~40 ml 
with dry THF gave a solution of 86 which showed (tlc) 
little conversion to polysaccharide by-products. This 
solution was added dropwise (15 min) to the stirred 
Suspension of sodium benzylmercaptide and stirring 
WasSeCOMNCinuea.tOMm anLurtperpecehreat 0°C. Et,0 (755ml) 
was added to the reaction mixture and the resulting 


solution was washed with H.,O (3 x 50 ml). The organic 


2 


phase was evaporated and the residue coevaporated 


3 and CH.Cl.. The re- 


Sulting, dark yellow (syrup Of crude 92 was dissolved in 


successively with EtOH, CHCl 


a minimal volume of CH, C1, and applied to a column 


(249-x"508cmy, ADS 0UGg MofAsilicalgel packed in CH5Cl.. 


Sor 
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exb tebau Yllsoivenpsm betalse Tt yh do ia O¢. mi sis 7 
[8.0 30 noid¢ulos 4 saswuedp Sabie ane s9%0 vt asporsia if 
io Im 08 nit Llotdgenratod-u To (eofcnum 8.8 ae 33.0) Im 
vofes 6 Bas boxrunao soi aaneavesl te avoxopl¥ dh? ab 
262 abisiqés comivahsa mo thee bail otasiqtoexg seolt 

solomm Sb. 6 not? eve 2) <fogtit tid 38 to nottofoe A 
-ay oft Bas (im Pit scented iy iw betuhib .enw(et Ro 

fin Of-) smolov wad ad beisroqgsve aoisulos ‘pnts tare 

bas (fm O0L) Tet yb ieee heiules aw nortu Loe eld? 

[a Ob of ot¢ulid, .seitlov wok ae bod sqogavs Hiss 

5) | bawoda iatiw a& to nomteivers evn wT bo eicwtdd 

ve SesanbotueVo | caihee chica Wi, og no tanewaoo: ‘e1sait 
bowrite, ad) 2 (iim Cl) aaswgeen: ‘Sahiis. »ew noisy foe - - 
pilivige bus sbiseqsovonigened my bOe Ro cotadmgees 

(Im EV) Onta 4920 ae ete torg2ut & 408 bein senscalae 
onitiveas ott Bae eit kim noitogen ond aed sac 7 
Siuspte ont (Gr OR x &) Op dd tw Setieew enw . 


batecounvadss pee oat oe tusunounvn ony one : 7 
nice acini = 


The column was eluted with CH,Cl. and the eluate 
from 1150 to 1750 ml was collected and evaporated. 
Coevaporation of the residue with Et.0 (24x 50 ml) 


gaveahe04)qt07,.02) eof chromatographically homogenous 


Keio, CHoCl., Ry ~ 0.25) 92 as a pale yellow syrup: 
[al<* 4240° (c 1.2, MeOH); nmr (DMSO-d,) 6 3.61 (d, 


BAGS T= 4 re Aa5 H2y A, Hey Het), e274 (m, 13 Hy), 3.80 


(sne27 1-SCH5C;H.), At0Sa (Mm; ib; Ho) ao ntorigh 1) 


Hy), 4.52 (s, 2, 3 or 5-OCH,C,<H,), 


Jorm etic. OnHz ihe, os8eor S-OCH5C(H.), 4.95: (dy, Ji-2 = 


2.7 Hz, 1, H)), 5.70 (d, Jo, 5 = 4.8 Hz, 1, 2-08), 


aol tts, 25; 3+5-OCH,C Heegand B2=SCH CoHe), (DMSO-d ,— 


4.48, 4.65 (ABq, 


6°5 z 6 


DFO) o0g4503 (tasd ~ Jo_3~2.7 Hz, 1, H5), doublet 


2-1 
at 5.70 disappears; ms m/e 436.1702 (5.2, M, calcd 


fon Caleb asOmos $43651709):7 ASh3w6l00r M-C.H Sim 312 


26°28~4 7 
(97, M-CjHJSH), 253 (77, M-C)jH,.), 205 (100, 313- 
+ 


C5HJOH) , Ole (s2500), C5H ). In a subsequent experi- 
ment a middle fraction from the column chromatography 


was evaporated and dried in vacuo to an analytically 
22 
D 


Anal. Calcd for C56 Ho QO4S: Crei 1.535 4H) 6e46; 


SYC7 35 mmbourndel .¢,§71.64;40, 6,66. 50.7 .37- 


pure sample of syrupy 92: [a] 


Benzyl 2-O-Methanesulphonyl-3,5-di-O-benzyl-1- 








thio-a-D-arabinofuranoside (94) 5 





LO@aesOMULLON Gre. 31) 97 (3.0 mmole) oF he ie 


+265° (c 1.48, MeOH). 
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10 ml of dry pyridine, stirred magnetically at 0°C 
and protected from moisture by a Drierite drying 
tube, was added 0.70 ml (1.03 g, 9.0 mmole) of 
methanesulphony lech lorsde. yyAttersgstarming,2uhr at 
OSC exatic (CH,C1.) Showed complete conversion of 


De (Rp U2) aacome 4) (Re SOA) tee HO 80 ,.50ml)) was 


2 


added, stirring was continued for 10 min and the 


reaction mixture was then diluted with ether (50 ml) 


and ice cold H,O (25 ml). The aqueous phase was 


separated and the organic phase was washed successively 


withjice colarsSolutions of saturated NaHCO. (2S, es 
HO (25x 259ml) andesaturated: NaCl (27x-25 ml). 
The organic phase was dried over Na,SO,, the drying 
agent was filtered and the filtrate was evaporated. 
The colourless syrupy residue was coevaporated 


successively with toluene (50 ml) and ether (3 x 50 


Mie COpyielce lS oece(Qmartitativejmot 94. — Tle of 


this product showed, besides the major spot for 94, a 


very faint spot at Re ~ 0.05. This material was used 


immediately without further purification in sub- 


sequent reactions. This sample had [als ot 2 Sea ORL Ay 
CHCl.) ; nmr (CDC1.) Clee MES eee CH,S03), 3 Oa lis 
25 Hey Hew), Sa Opes Le oes Jorm = eo) Me ee 
SCH,C H.), At Mi; J3_4 =¥ 625. 2) ws H3), 473274, 
Jy 3 SOP oPHZeeel, Hy) AAPM ANSE ABC Jory all Baa DR 9 


2H Ps°0r SS-UCHSE HE) PAL, 4e72MABGyeS = 11.7 Hz, 
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AZZ le Hy), Dae 2an(ae w8S = WOM zy 15 Hi), 50 


(brs 0 153 3+5-OCH,C¢H. and 1-SCH,CeH,) 3 Tre 11824 61365 


em + (CH,S0,); ms m/e 310.1033 (14, M-CH 


—_ 





350 3H-C HOH, 


310.1028), 91 (100, c eb 


calcd fori G 7 


197) 2928: 


Phenyl 2-O-methanesulphony1l-3,5-di-O-benzyl-1- 
ee 


thio-a-D-arabinofuranoside (Oey 


SS ee 


Conversion of 87 to 93 proceeded analogously to 
the conversion of 92 to 94 described above. The re- 
action of 0.125 g (0.296 mmoles) of By With sO e222 0g 
Cio 4 mmoles) ot methanesulphonyl chloride in 2 ml of 
dry pyridine gave 0.146 g (98%) of chromatographic 
homogenous (tlc, CHC1l., Ry ae 2853) 23 aS a colourless 


SYCUps)) nmr (CDC1.) Ste PASE (GSR ele CH3S0,), S02 e8(a: 


oT tating Sst) Wile Pay He, Hei), Vaca (multiplets, 6, 
Hr Has 3+5-OCHCeHE), 5.14 (t, J, - eps, aS 3h2) 
1, Ho), Se (eirees i? CPA Tear als Hj), ied Onn ily 
As 3+5-OCH,C eH. and 1-SC;H,). 








Reaction of 93 with n-propanol. 
ae Se OO ee AES 


LO.a SOlutionsof 58 ma (0.115 mmoles) of 93 in 
1 ml of dry DMF was added 0.25 ml (3.3 mmoles) of 
n-propanol. The resulting solution was stirred mag- 


netically while protected from moisture by a Drierite 
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drying tube and heated at 55-60°C. After 65 hr tlc 
pentane—ether, 7:3) showed good conversion of 93 

(Rp ~ 0.23) to a faster migrating product (Ry -eOG DD )F 
The reaction mixture was diluted with CHCl, (10 ml) 
and washed with saturated NaHCO, solution (104ml) 

and HO (2 x 10 ml). The organic phase was dried over 
Na.SO,, filtered and evaporated. The mass spectrum 
of the resulting syrup was compatible with the for- 
mation of n-propyl ZeooPueny l—3 975-01 -O=henzy l-22thio- 
8 and/or a-D-ribofuranoside (96Rand/orn97 }sP m/e +464 


(8.0, M), 404 (9.5, M-C 3H On) 2267-6032) 404-C Hpo-CO), 


Zz 685 

251008 404 -C#Hs0-CHeCO)y 8915407 CH) Prepara- 
EY) 2 atl, 

tive tle (pentane—ether, 9:1, developed twice) of 

the syrup resolved three major components. A band at 

Re 0.27 yielded 23 mg of a syrup tentatively identi- 

fied as the S-anomer (9.6 ees omr (CDC1.) OUR G2 a(t, 


Ug pian UZ, 3 each CH3), Duane Sextet, Ie~s1.HZ.. 2, 


2 
CHjCH»CH,), Bt eso Oreatriplers, Joom nS es) 
HZ ppt cr es tse ae. Weir OCH,CH,), bie Fh Gels cers baad = 3.8 


BZeaq Har Hoge G0 ghar 2d, ph= 2-3 9Hz, Joo 4 yo 


Hee Ho), 4, 24-4 A0 2 (muleuplets,, 2., He, Ha) 4.55 


(Cay tae Sane S-OCH5C¢H,), 4.47, 4.69 (ABg, Joum 


Hg AnysgOu 220CHoCaH_) 45" Oa5 (ds ps5 ae 4hz lH 


TEE! AG ee ote 3+5-OCHsC eH. and 2-SCeHe) - 


A band at Re i 0.14 on the preparative tlc plate 


= 11.5 


ale 





gave 15 mg of a syrup which was tentatively identified 
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as the a-anomer (97): nmr (CDC1.) 5 eho 2 et a. 3 
Hays; CH5CH3), 1.64 (sextet, Uae eae ef CHCHCH3), 
32-3 .8 (multiplets, 5 Ho, Hey He', OCH,CH,), 4.0 


td: of-fd’, J3_5 S70" Hz; J3_4 =e ery MZ, ML, H3), 42] 


Lb 4e%0 midi J4_3 easy 


4S44A65 , 62 -s3toxn S-OCH5CeH,), 4.49, 4.69 (ABq, Jorm = 


2653 Hz, BIA for S-OCH5CeH.), rt) Ahad, Jj 9 eae, HZ | 


1, Hj), 7.25 (m, 15, 3+5-OCH,C,H, and 2-5 He)? 


ASthird band "at R, 0.36 gave 6 mg of a syrup 


oo PAP Ie | rz } 4.0 HZ, 1, Hy), 





which was subsequently identified as the 2-phenylthio- 


glycal (98) (see reaction of 93 with ethanol). 


Reaction of 93 with ethanol in the presence of 


a oa 


barium carbonate. 

To a solution of 29 mg (0.058 mmoles) of 93 
sue) AL Swill Yopa robes, CH.CN containing 0.03 ml (0.515 mmoles) 
of EtOH was added 45 mg (0.23 mmoles) of barium 
carbonate. The mixture was stirred Magnetically while 
protected from moisture by a Drierite drying tube and 
heated at 75-80° for 20 hr 8 Pic (pentane—ether, 7:3) 


showed good conversion of DORR 0.22) tovastaster 


f 
migrating product (R, ~ 0.5). The reaction mixture 
was diluted with CHC1, (10 ml) and filtered through 
Celite. The filtrate was washed with saturated NaHCO, 
solution. (5 ml.) sand HO cies vie, Mey = organic phase 


was dried over Na,SO,, filtered and the filtrate 
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evaporated. Preparative tlc of the resulting syrup 
(pentane—ether, 8:2) revealed two major bands at 
R's 00. ands 6. met he Ry 0.51 band yielded 15 mg 
of ethyl 2-S-pheny1-3,5-di-O-benzy1-2-thio-2-deoxy-g- 
D-ribofuranoside (99) as a colourless syrup: nmr 


(CDC1,) Om 0 Siete Jeeuo). 9 Hz 63), CH5CH3), SMG Bgl 


(ABq of quartets, Jorm Seon OH, ree Sa Tos shapes 


OCH2CH3), 3.56 (m, 2, Hy, Hy+), 3.88 (d of d, J,_, ~ 


Bodh kan dig Sa > BAS ita, She Li ei eae aaa 


2-3 a, Bayle 


uidisy 164 An lsh fers S-OCHSC eH.) , 4.47, 4.70 (ABq, Jorm = 


11.3 Hz, 2, 3 or 5-OCH,CoH,), 5.06 (d, J,_, = 2.1 Hz, 


ily Hi), VSS (ee Mei, 3+5-OCH,C He and 2-SCeH.) ms 


mee 50e (lSya Meet 04a (02 6, M-C.5H.OH), 267 (43, 404- 





C-H-S-CO), 255—(100, 404-C_H O-CH.CO) , oA LO 20F 


Gas aad. 


+ 
/CoHL Ve 


The Ry 0.61 band gave 6 mg of a colourless 
Syrup which was tentatively identified as 2>o-pheny 1 — 
3,5-di-O-benzy1-2-thio-D-arabinal US waliihe (CDC1.) 
Go. 5 4d, US Stes 5's 


OVemlappingnm sos 3+5-OCH CEH. and H3), 47, O Smet il peels: 


es 


=84585HzZ, 2, Hes H aD 4S 


Hy), 6.88 ss L;, H,) 7 ie — 104 (m, LS; 3+5-OCH5C He and 





2-SCeH.); ms m/e 404 (100, My 296" (33, M-CoH OH) 203 
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poU=ribofuranoside (100)7 





LOsaeesOlutvonsore2. 000g) (4-0 mmoles) of 94 in 


30 ml of dry CH,CN was added 1.28 g (40 mmoles) of MeOH 


3 
and 2.56 q (12.0 ;mmoles) of BaCO3. The mixture was 


stirred magnetically while protected from moisture by 
a Drierite drying tube and heated at 60°C. After 
12.5 hr the reaction mixture was allowed to cool, 
diluted with 50 ml of ether, filtered through Celite 
and the filtrate was evaporated. The residual yellow 
syrup was dissolved in a minimal volume of CHCl, and 
applied to 4 preparative tlc plates (20 x 40 cm) 
which were developed in pentane—ether (7:3). The 


major band (Re ~ 0.5) was eluted with CHCl1,—MeOH (9:1) 


3 


and the eluate was evaporated. The residue was co- 
Gyaporared with, ether? (ex 20 ml) toryield#l.45.¢q 


(80.5%) of chromatographically homogenous 100 as a 
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colourless syrup: lal, [2/0 0g. ic 1,28, (Meeh)g@ nmr 


6200 Hoge. = 6.15 Hai, 


(CDC1,) § 3.22 (a of 4d, 9-3 


Jony 
i H,), 3-80MS,43,BOCH,) se, 46.44, (a 


sy = 5.21HzZ, 


2, He, He’), 3.78 (s, 2, 2-SCH CGH)» 4.06 (d of d, 
J3_5 ‘moO. nz , J3_4 peo. OOH Ze 1y H3), A223 4aq° 
Tyg 51 ~ Sg_3 ~ 5-0 Hz, 1, Hy), 4.35, 4.57 (ABa, 
Jonm =Pah 7 2 2. = Shor 5-OCH4C¢H.) , A490 ts MOe BOL 


BeOCHE CA \3g 4096. (cd, 5, 2¢80H2 Alen, ) 9a7. 26 


wl led 


(hres) 152 3+5-OCH5C He and 2-SCH5C eH, 


); ms m/e 
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D-ribofuranoside (10) Laine 


Ay sObubuOny Of 0. 49; Gg, (07 95 mmoles) -of O46 Gun sy mL 


of dry CH.CN was treated with 0.46 g (10.0 mmoles) of 


3 
BLOW and.0.59.0 a3 0) mmoles), of BaCO, as described 


above in the preparation of 100. The major band 
from the preparative tlc plates (Re ~ 0.45) yielded 
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On 42a 16/33) sOf SViCUDVeeli0-L: [a] Ales §CC elie3, 
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A minor band at Ry =*£0,57 yielded?4 mg (~1%)”~ of 


a syrupy product that was subsequently identified as 
thew 2-bemzvilchiog: ycolm (103) @ (see; reaction of 94 with 


6-chloropurine). 


isOsPropyi tence benzyl 3, 2-di-O-benzvil—2rthio-— 
2-deoxy-8-D-ribofuranoside (102). 


APSO LUCTOnsO re. 4egm(2.0,mmOLes) of 94 an 15 


lh Wake ewe, CH,CN was treated with 1.20 g (20.0 mmoles) 


OfersSoO-propanoOlmandel..1s5 ge(o.0 mole) of BaCOl as 


3} 


described above in the preparation of 100. Prepara- 
Live CeObe lemlest ii jngmcnucdessyLuipeOt LOZ onetnree 
plates (20 x 40 cm) developed three times in pentane— 
SLucreo-ljewavesdeliat vowescparatltoOn OF 102) (Rp =~ QO542) 


and 103 (Re caret. ) came Ls Re 0.42 band yielded 0.702 g 
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(5.4, 418-CoHo), 30s h16, 418-C.H.OH), 299 68( 397, 6327-CO) , 


22.0 805-3, 418-CoH_S), 26984 LOO; 418-C_HJ0-CH,CO) , SH 


+ 
(~860, CoHo ). 


Methyl 2-deoxy-8-D-erythro-pentofuranoside (104). 





Moud SQlUtIONBOtE LN. IEG Ve.09 mmoles) sof. 100 
in 50 ml of 98% EtOH was added 22.5 g (wet weight, 
prewashed with 98% EtOH) of Raney Nickel and the mix- 
GUreawasmcerluixca "tore lenrge The: aot, reaction mixture 
was filtered through Celite and the filter pad was 
washed with boiling MeOH (4 x 30 ml). The combined 
filtrate was evaporated and the residue was dissolved 
in acetone. The resulting suspension was filtered 
through Célite,.the, filtrate ,evaporated and the residue 
was coevaporated with acetone to yield 0.454 g (99%) 
or 04 asMatpale yellowssyvrup. sellesot this ¥product 


(CHC1,-MeOH, 95:5) showed a major spot for 104 (Re =. 02013) 


3 
which migrated faster than 2-deoxy-D-ribose (Re “2 O02 UA )e 
An extremely faintsspot (less than, 52%) at Rr ~ 0.4 was 


presumed to be incompletely debenzylated material. 


This syrup had [als° = 02 seat Cerle OS, MeOH) 7a ninn 


8 
(DMSO-d¢) 6 1.94 (m, 2, Ho, Hy ), 3-20 (s, 3, OCH3), 
3.38 (m, 2, He, Het), 3.70 (m, 1, H,), 410 (m, J,_, ~ 
4.1 H2, ae ok ~ 6.0 Hz, 1, H3), 4.56 (Dieta Jou-5,5' 
BO Hage, 5-0) peed (Dk dye, -3—OH) 4) 4.95 Nc Oi, 
a d 222) 
Jj_9 4.8 Hz, Jy_os 3.0 Hz, 1, H,). Reported 
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. for the a-anomer of 104: [012° IOC" a (cy 2, H 


29) - 


Ethyl 2-deoxy-8-D-erythro-pentofuranoside (erOS 





Desulphurization-debenzylation of 0.29 g (0.625 
mmoles) of 101 using 3.26 g of Raney Nickel was 
effected as described above in the preparation of 104 


te*yieldse07094 9 (932) of 205 asva pale yellow syrup: 


[ol e? -63.7° (c¢ 1.06, MeOH); nmr (DMSO-d,) 6 1.09 (t, 


dees Onl Zyoe) pEL CH,), tO bec(ms Sa oh ts VAM 


ees 
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% of a presumed benzylated impurity in product 105. 


oe), for,.the a-anomer of 105: [alo° +48.8° ic 


Reported 


25 HO). 


iso-Propyl 2-deoxy-f-D-erythro-pentofuranoside 


a 


(106) . 





Desulphurization-debenzylation of 0.702 g (1.47 
mnolesy*of 102 using 1074 g of Raney Nickel was effected 


as described above in the preparation of 104 to yield 
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-99.2° (c 1.69, MeOH); nmr (DMSO-d,) 6 1.06, 1.10 (d, d, 


0.2542g2(100%) of 106 asta colourless” syrup: [a] 
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W@—LO58 2705, CH(CH,) 5), TESS SY Giles Psy Behar 


ee 
5.7 Hz, 2, Hy, Hy), 3.38 (m, Je ci_y ~ 6-5 


Hz ,623 He, H S07 OS {ihe Hy)s 3,81, (Septet, J = 


Geouh 7 eel, OCH(CH,) 9), AX eas (Tl; es OS NZ, 


ee 


T3591 ~ 5-7 Hz, ly Hy), 4-50 (ty Joys 


Sel, Baie) GI We = Cre ios Ab eh els rane Mea eure 


Le ag ba a ie Hy), =, GRUB GYsWe he i (SePee 


=bp5n5ouz Eh, 


Sie ee 


indicated the presence of less than 3% of presumed 


benzylated material in product 106 


Methyl 2-deoxy-3,5-di-O-p-nitrobenzoy1l-8-D- 





erythro-pentofuranoside (107). 


p-Nitrobenzoylation of 0.200 g (1.35 mmoles) of 
104 using 0.75 g (4.05 mmoles) of p-nitrobenzoyl 


chloridemin Semllo£ dry pyridine was effected .ashdes— 


esse) 


eribedtby jNessgeGeadl-. Crystallizationsof gthe 


resulting syrup from 50 ml of boiling absolute EtOH 


gave 0.513 g (85%) of 107 as microcrystalline needles: 


Moelle —145 Ss.) fal? 
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(G M1G% GCIs), 


Analy Galcdiforec sau Cpe sant, /H, 94506, 


204#18%2910' 
N, 6.28. Found: C, 53.55; H, 4.01; N, 5.96. 


iso-Propyl 2-deoxy-3,5-di-O-p-nitrobenzoy1l-Bs-D- 





erythro-pentofuranoside (108). 


p-Nitrobenzoylation of 0.091 g (0.52 mmoles) of 
106 using 0.295 g (1.59 mmoles) of p-nitrobenzoyl 


eliloridesin 2 osmleolnedryepyrigineswas errected as 


oa) 


Gescribedaby Nesspeceni- Crystal lazabloneon: tne 


resulting syrup from ether—pentane yielded 0.177 g 
(72-25%) of fine, pale yellow needles of 108,) mp 105.5- 


106°C. A sample for analysis was recrystallized from 


ether—pentane: mp 105-105.5°C; [a4 Seas? Ue ies, 


CHC1.); nmr (CDC1 3) Cyl le pele OI ded 0 8G. coz, 


6, CH(CH,) 5), 2 2 Le gees Hos Ho"), 3.96 (septet, 


Jd = 6.2 H2, 1, OCH(CH3) 5), 4,.4-4.47 (multiplets, 3, 





Gi a) et, SG es ee a hes 
5.0 Hz, 1, H,), 5.65 (m, eee 5.7 HZ, J3_4 ~ Z20HZ, 
1, H3), 8.1-8.45 (m, 8, 3+5-COC,H,NO>) - Reported ae 
mp 103-104°C; [a]4” -16.4° (c 1.4, CHC1,). 

Arial Calca sconec H45N50j 9! CG; D095 BH eo O Or 
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Reaction of 94 with 6-chloropurine. 
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/ 409ml sor dry =CHAGNewas *added"1T93 g°(12.5°mmoles)+of*6—- 


5) 
~enloerepurinetanus12i3-q~- (6205 mmoles)of BaCO.. The 
resulting mixture was protected from moisture by a 
Drierite drying tube and was stirred magnetically at 
60°C.” -After 15°hr) tic (pentane=MeOAc;,”~7:3) ‘showed 
complete conversion of 94 (Rp — 0245) to major’spots 
at R's 20 ..65-and/0.35 as+well*as*avmrnor ‘spot at 

Re 210215." +*Both?the Re U?25eane=s0.15 spots showed 
strong absorptions when viewed under 254 nm uv light. 
The reaction mixture was allowed to cool to room 
temperature and was diluted with ether (200 ml) and 
then filtered through Celite. The filtrate was cooled 
in ice water and was extracted with ice cold solutions 
of saturated NaHCO 


(285450 mi) ,=Hs09(25x 50 mi)’and 


5 2 
Saturated NaCl’ (2°x/50%™l1) 2:9) The organic phase/was 
dried over Na,SO,, filtered and evaporated to yield 

a yellow syrup (3.06 g). This syrup was dissolved 

in a minimal volume of CHCl, and applied to a short 
Sitieaegettcobumn (406%.917 cm, @200%g) "packedtin 
CHoCl.- The column was successively eluted with 

CH, Cl, C300RmrL) 7 CH,C1,—MeOH (99vay SOOYmE)) CHC1,— 
MeOH (98:2, 300 ml) and CH,C1,—MeO0H (O7PSFES500 mi) 

at a flow rate ~20 ml/min. The column eluate from 
250-550 ml was collected and evaporated to give 0.67 g 
of crude, syrupy 2-S-benzy1-3,5-di-O-benzy1-2-thio- 


D-arabinal (L038)... “THEN Syrup? was +purTEveadeby  *prepara= 
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_tive tlc on 2 plates (20 x 20 cm) which were developed 
in pentane—ether (7:3). The major band was eluted 


with CHCl,—MeOH (92:8) and the eluate was evaporated. 


3 


Coevaporation of the residue with ether (3 x 20 ml) 


gave 0.538 g (20.5%) of chromatographically homogeneous 


103 as a colourless syrup: [012° LOR 2 tem lL aoe, 


CHC1.); nmr (CDC1 3) Omae20, D4 te (ABC *ofPdoublets; 


Js 51g = 6-1 Hz, Jog, = 10.0 Hz, 2, He, He'), 4.61, 
4.77 (ABG; dany = 12-7 Hz, 2) 2-SCH5CoH.), 4.34 (d of 
dpa, WF S8089 Haass 67 =*2-0FHzigl gH), 84548774756 


Copes sel yee; 3+5-OCH5C He) s 4.62 (t of d, J3_4 = 3e0 Hz, 


9G ela Zz desley Hy) 6033 (d, — ON IMH 25 Ly 


orgie ft 25 


Hy). 720-7 . 45° tm, Vibbdy 3+5-OCH»C; He and 2-SCH5C¢He) i ms 
32 


m/e 418.1624 (100, M, calcd for C5 649693 Same 4321603); 
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SLU C2 2or M-C.H.OH), 2OL CLO, 91e (3507 CoH. ie 


The column eluate from 1000-1400 ml was collected 
and evaporated to give 1.84 g of yellow syrup. fTlc 


(CH,C1 sMeOAc, 99:1, developed 4 times), revealed the 


2 
presence of major and minor uv absorbing spots at 
R,'s -¥063eand! 0.d-respectively,;7and™aiso a*weakly ruv 
absorbing spot at Re ~ 0.4 which was very narrowly 
separated from the Re OVS Spot yerThe¥componentsswere 
separated by preparative tlc on 4 plates (20 x 40 cm) 
which were developed 4 times in CH,C154—MeOAc C9991 re 
The major uv absorbing band (Re 0237 Spot’Ons£ic) was 


eluted with CHC1.—MeOH (9:1). The eluate was evapo- 
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rated and the residue was coevaporated with ether (3 x 
VOB IomLOsy1c 1 d80.900) a. (25s)irofeammixture sof the 
Beandea-anomersmot (6-chloro—-9-(2=benzylthio-3, 5-di-0- 
benzyl-2-deoxy-D-ribofuranosyl) purine (109) in a ratio 
=92). /sUy max (MeOH) 264 .nm (ec 48,420), (HCl) 264 nm 
(287,940) nmr. (CDC1,), peaks assigned to the f-anomer: 
. OMS sO SCS mee, 2'-SCH,C¢He) s B40 nes ee (ABGsOL doublets, 
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PLES UA, 78) ~ 10.5 Hz, 2, Het, Hen) 
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m5 3) Ze = Gals) Sika ay, Ho"), 


Fes oie aren ae 
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Hai), 4.33 Gay Shy min ie ee Ure Sy SMSC Z, el; Haw), 


4.42, 4.56 (ABq, Jorm a 2a Ze 2 OL 5'-OCH.C- He), 


4.50, 4.64 (ABQ, Jon, = 11.7 Hz, 2, 3' or 5'-OCH,CcHe), 


= Sell Zi, ee 


Ue tey yh 2-4 Hz, 1, 


B20 1G akin ai 


3°+5'-OCH,C (He and 2'-SCH5CeHe) » Crm 20a Se OAM GS tS eel aL 5 


peaks assigned to the a-anomer: 6 6.58 (d, 
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266929 pM we Calcd sf£on C3745 9N 493 


Bese, C4507 M=CL) ’ 481 Ci M-CoH.) v 450 (2A M-C9H, (0) ’ 


418 (100, M-BH), 205 (55), 155 (O57 BH.) + Oe asomOr, 
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CoHA ie 
Similar elution of the minor uv absorbing band 
(Ry Oulespot Onmtlojmgaven0).388) Gq.) (b1S)mouea mixture 
of the 8 and a-anomers of 6-chloro-7-(2-benzylthio-3,5- 


di-O-benzy1-2-deoxy-D-ribofuranosy1l) purine (GLO) 3) ine a 


ratio ~4:l. uv max (MeOH) 268 nm (ce 5,980), (HC1) 
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_ 2608S Inmete: o7200)s; Inmr (CDC13), peaks assigned to the 


geanomer iF.6 3240 1(sF 2, 2'-SCH5C He). Bas 23 e758 (multi- 
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Elution of the weakly uv absorbing band (Re 0.4 


spotpon tic) gave .0539 50 §(142) of a colourless Syrup 
which was tentatively identified as 2-benzylthio-3,5- 
di-O-benzy1-2-deoxy-D-arabinose (GONIDys  eiuke (CDC1.) 

§ 5.0-5.5 (broad multiplets, 1, a,8-H,), Tis eal Soe el, 


3+5-OCH.C eH, 


ration of the eluate from 750-1000 ml in the original 


and 2-SCH,C¢H_) - Collection and evapo- 


column chromatography gave a further 0.46 g (~17%) 

Of crude ll.) “Aysample) (65 mG, 0.15 mmoles) sor pure 
111 was dissolved if, 2s Oredry pyr Loine sande created 
with 0.2 ml (2.1 mmoles) of acetic anhydride and 10 mg 


(0.08 mmoles) of 4-dimethylaminopyridine to effect 
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acetylation of the l-hydroxyl group. After stirring 
for. 0eses hry Urs mis of H,O was added and stirring was 
Contimicusror =a turther 0.5 nr to hydrolyze’ the” excess 
acetic anhydride. The reaction mixture was diluted 
with ether (15 ml) and washed with saturated NaHCO, 


solution, H,O and Saturated NaC! solution. The 
organic phase was evaporated and the residue was co- 
evaporated successively with EtOH, toluene and ether 


toOrqrve asvellow syrupe (70 mg) “Of them l-O-acetyl 


derivative (i112) :-nmr (cDCc1.) Cm eo ee. OO (Ss; es; 3, 





a ,B-OCOCH), Gols 46S 27eld7 ed, Jj-2 Wie ls AE ll eau cote hab 
ily a,8-H,), Teles e(ma 15, 3+5-OCH,C (He and 2-SCH,- 
CoH.) - 
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D-ribofuranosyl)adenine (113). 


AMination OF .066445 gq ){d.5l mmoles) of 109 
was ase em by treatment with ~10 ml of anhydrous 
ammonia in a stainless steel bomb. After stirring 


magnetically for 20 hr at room temperature the 


ammonia was allowed to evaporate. The residue was 
treated with CHCl. (50eml) Panc@the resulting mixture 
was washed with H,O (A esrae? Senile nee ele (CHC1,—MeoH,, 


95:5) of the organic phase showed complete conversion 
(oye AMOR) (Re ~ 0.85) to a slower migrating spot 


(Rp ~ 0.3). The organic phase was evaporated and 
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the residue was coevaporated successively with EtOH 


(20 ml) and CH, Cl. (Bee. 0am lato. Gisve 0. 80 9.498%) 


of crude 113 as a colourless, solid foam. A sample 
of the crude product (100 mg) was purified by prepar- 


ative tlc (CHC1 .— MeOH 95:5, developed twice) to yield 


92emG Of pure. |) 30as a colourless, solid foam: 
MVemMaxer(MeOh)u259 .benm (2.145900) ,. (HCl) 2538..5 mm 

(on 13,600). (NaOH) 4259 5) nm fe 14,700) 5. nmr (CDC1,), 
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Amination of 0.32 g (0.56 mmoles) of 110 
was effected as described above in the conversion of 


EOSStO Gia, PELc (CHCl —MeOH, 95:5) of the crude 
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product (0.31 g) showed complete conversion of 110 


(Rp ~S0 Ge to Ghl4 GR tae0ms Mande] US a(R ae O12 39% 


f£ = 
These two components were separated by preparative 


ic (CHC1,—MeOH, 96:4, developed twice) on 2 plates 
(20 x 20 cm). The major, faster migrating band was 


eluted with CHC1,—MeOH (8:2). The eluate was 
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evaporated and the residue was coevaporated with 
CHCl, (Sai ZOE) ato: ya-eld 402 Ws gin (6955.2)) OL D4 
as a colourless, solid foam. Crystallization of this 
material from*acetone—ether gave +(2 crops) °0.155 g 
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calcd £62 C31H31N,593 S325 5.3.52 148) pe462 2 (2. 5 M= 


CoHo), SLES OPPeM= Bey, 201 V8 $99!) ee ACL 0 07 SBH tre D 1 
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(26607 CHA je 
Elution of the minor, slower migrating band 
gave 47 mg (15%) of the aq-anomer (115) as an amorphous 


solid. Crystallization of this material from acetone— 


ether gave 37 mg (12%) of 115 as a microcrystalline 
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solid: Imp 856-Y572C=S[o] Piel aC £0: 47-o7, MeOH) 7 euiv 
20 S5>anmiie BU A350) PetNaOH) #272,8247 nmaitsh mie ns1oc, 
T7000 Fasnmr (CDC1.) dis.. SS mez; Het, Ho"), BeeG.2t Ss, 


SARA SCH OaH A O3 68 a(t eal 6.4 Hz, 


Oe at > wares 


Upeligny), 460524. 25 etn hiag WanPeN Ry! 4244 E(s p02 p13 Wrox 


te * = 1 
5 OCHC;He), 4.48, 4.62 (ABq, Jorm DLYSEHZ, V2 -A25 


or 5'-OCH,C- He), Seo ¥( ues, 2; 6-NH,), Sh Sed 7 





Jiro S263 VHz PAY, Hiuwds PAUG els f, £5!, 2'-SCH,C (Ho), 
LT. 4 a 80.7 3°+5'-OCH,C-Ho), 8 MAAS SIS (Si Ss 215) 
ik Hos He); MSMm/ E8553 .214S (4 Maca lcd Pior 

Be 


C3,H3j,N,0, Smee 5532140 tes. 6200127 M-C.5H.), AS Ch6, 


+ 
M-C5H.S), 135 (100, BH), 91°(~730, CjHs"). 


Aya. Calod Stor C3,H3,N.038: Creel. 247? By 


346 47) IOLA. CSi225 , Pout) I FOUN -2C72166 APM , 4579.97 


Ne In.o49)s, e571 


9-5 ( 3 75-Di.-O-benzy,-2-deoxy 01,8 -D-ery thro-pento-— 





furanosyl)adenine (116). 
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Desulphurization of 113 was effected according 
to the procedure reported by Goodman and Pe voriee ot! 
To a magnetically stirred solution of 0.545 g (0.99 
mmoles) OL opeane 40° ml? ofedary’ DMF’ was, added 11.2’ g 
(wet weight, prewashed with dry DMF) of Raney Nickel. 
Hydrogen was bubbled gently through the mixture which was 
heated’ to’ 98-100°C for 1.5 hr with a 250 watt infra-red 
lamp. The hot reaction mixture was filtered through 
Celite and the filter pad was washed with hot DMF (2 x 
PSe iil) eandebodeuncgeMe@H) (4 x 725 ml). The combined £11- 
trat was evaporated and the residue was coevaporated 
with toluene (100 ml). The residue was dissolved in 
acetone and the resulting suspension was filtered through 
Celite. The filtrate was evaporated to yield 0.254 g 
(G02) of crude, syrupy 116. This material was purified 
by preparative tlc on two plates (20 x 40 cm) developed 
twice in CHCl1.—MeOH (96:4). The major band was eluted 


3 


with CHC1,—MeOH (8:2), the eluate was evaporated and 


the residue was coevaporated with acetone (3 x 10 ml) 


tomqive, 0.1606. 9 (402 )"oteascolourless glass of slo; 


[a}*" =10.2° (c 1.06, MeOH); uv max (MeOH) 259 nm 
fem LoeU00 (HCl) 8250 o> ania (emu, OO Ole NaOH ee men 


(em 4 0 Oe enn (CDC1.), peaks assigned to the B-anomer: 
oh A Soe iy Tish AR. Aan Ho") Ho"), ge Gor (inj; e2 Het, How), 


Awd Ae AS (I), Zy H3' Hya')s A555 2S 7a omer OCL CoH), 


J = F650 124 


6.02 (br Sy, oie 6-NH Theos = =| = 28) 


GmAgen(t ye! 
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(s, s; 1, 1; Hj, Hg), no peaks attributable to the 


i, iH 0, 1), sal 


a-anomer could be detected; ms m/e 431.1948 (2.6, M, 


calcd for C,,H5,-N,0,: 431.1957), 340 (70, M-C.H.), 


AO (0, WACHECN,, 2M) (AE, SISSON, WU IG Ie 


7 7 
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— 
SS 


+ 
iby Che (eC, Weitere 
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furanosyl) adenine (117). 


Desulphurization of a solution of 0.120 g (0.22 
MOLES) mOtel ten? Oem Oo LmO Gy eDMie Dye lace gO Raney 
Nickel was effected as described above in the con- 


version of 113 to 116. Tlc (CHCl1,.—MeOH, 95:5) of the 


3 
crude product showed approximately equal amounts of 
iy, (Ry ~ 0.45) and unreacted 114 (Re ~ 0.55) as well 
aS a minor spot at Re ~ 0.07. These components were 


separated by preparative tlc on one plate (20 x 20 cm) 


developed twice in CHC1 ——MeOH (9525)2 ue Lhess lowes 


migrating, major band was eluted with CHC1.,—Me0H ESS) 


and the eluate was evaporated to yield 19 mg (20%) 
Onl lamasmancOlourlesseo lass mm Uvemascm (MeOH mez 7 lmanin 
(br Oad eG 710.00 er eeriin i (CDC1.) S Blah (Esl dene el ch 


Tied Vshe4s, 


Sy pee = 
Jeong: = 2.6 HZ, Teulon = 10.5 Hz, 1, Hen), 3-78 (d of a, 
Jer_gs — 2.8 Hizey Jers = LOS Zag ae, Hot), ial OSs (m, 


mag ea 
= 1S) laa Le H Vy Ho"), OEE (da of d, 
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24#55N,503: eho bevels hay by hay eet 46) al ll le by M-C.iH.), 


CAO oe ly 340-BH), 164 (24, Bigeye Lose (oo. ky BAe 


Neen, eet ste ro GoM 2.2. M, 


Carcar Loree 


+ 
CoH), 136 (34, BH,), 135 (100, BH), 91 (~560, CoH, ). 


Elution of the faster migrating, major band and 
evaporation of the eluate gave 21 mg (18%) of unreacted 


iT4-as"a colourless’ glass’. 


9-(2-Deoxy-a and bab eLy Unt O-pentoluranosy?)— 





adenine (aq and §-2'-deoxyadenosine) (62 and 10). 





A solution of 0.148 g (0.343 mmoles) of 116 in 
ZUM Oreo See LON eCOn Laining 0.5 mleOf. 3 M NaOH was 
nyVoLogenaleduat FOQ@ psi tOLe4. Sabre Over.) .15 quot. LOY 
Pd/C catalyst. The reaction mixture was filtered 
through Celite, the filter pad was washed with boiling 
MeOH (3 x 10 ml) and the combined Pens waS evapo- 
rated. The hydrogenation was then repeated for a 


further 12 hr and the reaction mixture was worked up 


as described above. The resulting residue was dissolved 


egy MMO alah Tope eta ig ebonsh Kpesiiah alsiell Gaoha 18) i Jonah Qiplhelgu a Mee as) 


(dry weight) of IRC-50 Cig) weakly acid cation exchange 


resin to effect neutralization. The mixture was filtered 


<1'-2',2" 
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and the filtrate was evaporated. The residue was 
dissolved in a minimal volume of HO and applied to 
a column (1.4 x 47 cm, 70 ml) of Dowex 1-X2(OH ) 
(200-400 mesh) packed in H,O. The column was eluted 
with H,O at aSilow}lrateworbusml/min and fractions 
were collected every 10 min. Fractions 53-66 were 
combined, evaporated and then coevaporated with EtOH. 
The residual solid was dissolved in ~0.5 ml of hot 
MeOH and ~2 ml of ether was added. The hesuitiaig 
solution was boiled andj after addition of further 
WOLLLONS Of Et,0 and repeated boamling ,; 2a small amount 
of solid material separated. The suspension was 
centrifuged and the resulting light brown solid was 
washed with lethereto give 119 tmge(2 .2%)0f themmicro= 
crystalline a-anomer, 62: mp 209-212°C; mmp with 
authenties62 , SAlis2162C 7 mmp With fauLnenvticul =deoxy> 
adenosine (10), 175-188°C; uv max (H,0) 259°. Sanm 

(emt 2 G00) ne (HO) 2590enme(e LL, 900)7,) (NaOH) 9259.5 nm 


(2 12,900) swn/e 2 saloon r Ce oi iicalcdytox 


Cy 9H 3N503: PAS AL AOS ye TOR AS cate M-CH.0), REV bass Oh 
BH + GHO)e, LO 2 620 plies CoH), 13 Gam Ailes BH.), bei, BORO 
BH), 108 (2 0b eoeHCN ms teaniem neni Wee ome dos Je 


uv max (HO) 259 S50 oe el 5 OO ) 0s 
Fractions 69-135 were combined, evaporated and 
coevaporated with EtOH to yield 63 mg of colourless, 


solid 10. Recnystallization, of this material from 
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. MeOH—ether*gave*®(2*c¢rops)’’48%mg" (56%) of colourless 


prisms of 10: mp 194.5-196°C; mmp with authentic 10, 


20 


TIA=LISF5<°C; [o] , a2 226° ¥ (2803S 6x HO); uv max (H,0) 


25.9 eoanmen(es E5 7400) 7 (HCL) 6258 nme(eet4p250)9% (Naon) 


29955 Snm 0 (2 15 735.0).; “nmr (DMSO-d) Brey (atoled of d, 


Jou_ys =¥6L0RHz > Jon_31 = 2Ssizy Jono: sus Hz, el 
Hou), 2vloOMOFOoLearok a7; Jory =e/ 97 4HZ, T5131 = 
600 5HZ'; Jaron =H Hz? i; Hoi), SOD =3778(my 2; Ho's 
He"), SaF ie (mpel 7 Hat) 4. 4824m7e1) H'), Sea 5-535 
(miyie 2, F320) 5=0H)7 26 . SOR(AEOreay Tyr ee) BAZ 
Tyron =S670 Hz pels, Hi'), Jeoos (br ashG2; 6-NH,), Sr. bay 


BA3Vn (Ss S> sl Fels Ho, He) i mS MZeeso VE (QTM) 7 e221 
(285, MeCHyo) 7 OlG4s (865), BH? CHO) )-162%(33) iBHY+ 


CjH,), 136 (30, BH,), 135 (100, BH), 108 (23, BH - HCN). 
+99) mp 188-190°C; [a]>1 -26° (c 1, H,0). 


REpOStLEea 


Analy? Calcd stor C1941 3N503: Cy 474807EHy eoa215 


Nyt 2a 88 Wes OUNGS BOC ).24 7559.5 BHI 1S; ONPEAT LIL. 


T= 2"DE0xKy=S-=D-Ery throrpentoturanosyl adenine 


(118). 





AeocOlLUCLoOn Orel /aimg. (Orso emmoles) ot sia ain 
2 mi .of 95% ECOH Containing | drop of 3 M- NaOH was 
hydrogenated at 60 psi over 20 mg of 10% Pd/C catalyst. 
After 23 hr the reaction mixture was filtered through 
Celite and the filter pad was washed with boiling MeOH 


(3 x 10 ml). The combined filtrate was evaporated to 
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yield a colourless syrup of crude 118% @Tichoft this 
material (CHC1,—MeOH, 9:1, developed twice) showed a 
major spot for 118 (Re ~ 0.08), which migrated more 
Slowly than 10 (Rp ~ 0.33), as well. as a very faint 
Spotjatethe origin .alThe rsyrup wasudussolved inta 
minimal volume of H,O and applied to a column (0.8 x 
19 cm, 8 ml) of Dowex 1-X2(OH ) (200-400 mesh) packed 
in H,0. The column was eluted with H,0 at a flow rate 
of 36 ml/hr and fractions were collected every 10 

min. Fractions 19-31 were combined, evaporated and 
coevaporated with EtOH to yield 8.1 mg (82%, dried 
T4enreateOe lenmeand ay ocCeOVers>,O0-)= Of mucrocrystalline 
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ae -74° (c 0.4, MeOH); uv (MeOH) 
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ites PAYAL -jabiy We Sy ey sRGTOL) v bis 232) 0M 93,50) ,) (NaOH) max 
Ze) OM Ee GA) ep ire eee O50) yaa ( HCl) mas? 6 225 

nm (e€ 11,100), (HCl + NaOH) max 269 nm (the spectra in 
HCl and HCl made basic with NaOH are characteristic of 
adenine). The methanolic optical rotation and uv 

samples were combined and evaporated. The residue was 
dissolved in boiling MeOH, filtered through Celite and 
crystallized from MeOH—ether. Filtration gave 6.2 mg 
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Cor a; i SR OH), Ono Cty Jyt_gt on = 6.4 ig leAys ily Hit) 


Gao 2ea( Dies anos 6-NH,), 8.21, 8.50 (s, s; 1, 1; Ho, Hg). 


(DMSO-d —D,0) Peaksedtmomo 13,957.40 andso.92sdisappear, 


Se 
multiplets at 6 3.57 and 5.41 appear sharper; ms m/e 
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(0.98, M-CH,0), 164 (2.6, BH + CHO), 162 (11, BH + C,H), 
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